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GEOLOGICAL MASKS AND PREJUDICES! 


EARL B. NOBLE? 
Los Angeles, California 


INTRODUCTION 


As scientists we are interested in new developments which may have future 
significance for us. The discovery of new lands in Antarctica and the presence of 
a shallow submerged shelf in the Arctic regions suggest potential new stores of 
natural resources. The apparent shifting of the north magnetic pole 200 miles in 
the last 50 years may indicate important readjustments within the heavier con- 
stituents of the earth’s interior. The extreme variations in high-altitude tempera- 
tures recorded in the V-2 rocket experiments may alter our concepts of con- 
ditions responsible for some of the great climatic changes of the past. And the 
substantial progress that has been made in nuclear physics and atomic research 
may indicate a slow but gradual transition from oil, coal, and other synthetics 
to radioactive or fission materials as sources of heat and power. 

As petroleum geologists we are more vitally concerned with the immediate 
problems of the petroleum industry. Can production be maintained—can re- 
covery be increased—can we find sufficient new supplies of oil to maintain our 
present reserve position? 

The American oil industry has experienced rapid world-wide expansion, much 
of which has taken place since last we met in Los Angeles. It is interesting to note 
that some 23 billion barrels, or almost half of all the oil produced by man since 
the beginning of time, has been produced in this 10-year period. In this same in- 
terval the United States has produced 45 per cent of its cumulative past produc- 
tion; Texas has produced 56 per cent and California 36 per cent. 

Our domestic reserves of crude oil have increased from an estimated 13 billion 
barrels in 1936 to 21 billion barrels in 1946, a net gain of 8 billion barrels, or 38 

‘per cent. If we add to these reserves the recent estimate of 3 billion barrels of 


1 Presidential address, 32d annual meeting, Los Angeles, March 25, 1947. 
2 Manager of exploration, Union Oil Company of California. 
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natural-gas liquids, we now have an estimated total proved reserve of more than 
24 billion barrels of liquid hydrocarbons and 160 trillion cubic feet of natural gas. 
During this same period yearly production has grown from a billion barrels to 
12 billion barrels, an increase of 75 per cent. This means that we must add almost 
2 billion barrels of new oil each year to maintain our present reserves. 

We are drilling twice as many wells now as we did in 1936 in search for new 
oil; and drilling them deeper. All but one of the 326 wells* that have gone below 
12,000 feet have been drilled in this same to-year period; and one has already 
passed the 17,000-foot mark. 

Increase in exploratory activity is reflected in A.A.P.G. membership which has 
more than doubled since 1936. The general trend in exploration is indicated by 
the great number of our members now resident in foreign countries. 

Ten years ago we were in the early stages of a high oil-finding period, largely 
made possible by the introduction of the reflection seismograph which enabled 
us to locate structural features in the alluvium-covered valleys and coastal plains. 
The present outlook for finding adequate new supplies of oil is not as promising 
as it was at that time, except in the still green pastures of foreign countries. 

Much of our future supply of oil will be found by close teamwork between 
various oil-finding groups, utilizing all of our present known prospecting tools and 
exploration methods. To a great extent this effort will consist of detailed subsur- 
face studies in the search for stratigraphic traps and accumulations on the flanks 
and extensions of known structures; and drilling deeper wherever possible. There 
are, however, some rather extensive areas having good oil possibilities but about 
which we know very little because of a cover which masks the underlying geologi- 
cal conditions and which we can not effectively penetrate with any of our present 
methods because of physical or economic considerations. 


MASKS 


Sediments under the over-riding cover of older rocks in zones of low-angle 
thrust faulting and those hidden under a thick mantle of younger volcanics may 
have good oil possibilities where the structural conditions and stratigraphic 
facies of the foreland are known to be favorable. High-velocity limestones are at 
the surface over extensive areas where additional oil fields should be present. 
Thick deposits of drifted sand, till, and loess act as an obscuring cover, and mul- 
tiple unconformities effectively hide underlying structure through their own 
structural complexity. Even the water over favorable portions of the continental 
shelf can be considered as a mask. Its removal in the Gulf Coast district would 
leave a featureless bottom surface which would have to be explored by geophysi- 
cal methods, but many of the oil fields that undoubtedly exist off the coast of 
Southern California might easily be found by surface geology alone if the water 
cover were removed. 


3 Ernestine Adams, “Deep Exploratory Wells on Increase,”’ Petroleum Engineer (February, 1947), 
p. 51. 
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Along some of the major zones of thrust faulting, oi] may be found in the over- 
thrust sheet associated with asymmetric anticlinal folding, as at Turner Valley 
in western Alberta, but it may also occur under simple or complex structural 
conditions beneath thrust sheets as at Jumping Pound in the Alberta foothills 
or the Aliso Canyon field in Los Angeles County, California. In northwestern 
Montana alone, it is estimated that 4,000 square miles of younger sediments 
having a favorable facies are over-ridden and obscured by older rocks of the Lewis 
overthrust. In addition to this there is a disturbed belt 30 miles wide in front of 
the thrust fault, in which confused structural conditions of the younger surface 
beds mask geological conditions in the underlying Madison and older formations. 

Somewhat similar conditions exist in southwestern Wyoming and southeast- 
ern Idaho on the east front of the Wyoming Range in the Darby, Absaroka, and 
Bannock lines of overthrusting where conditions in the foreland suggest a favor- 
able section and low folding under the thrusts. 

Mid-Continent geologists have long recognized the possibilities of favorable 
conditions under the cover of extremely hard older rocks of the Ouachita over- 
thrust in southeastern Oklahoma. Most California geologists believe additional 
production will some day be found along or under the San Cayetano, Santa 
Susana, Oak Ridge, or other overthrusts in Ventura County. 

Prospecting beneath these overthrust sheets is often a perplexing problem. 
In many areas geological studies made from surface observations give little or no 
indication of conditions in the underlying younger sediments; core holes may cost 
more than $100,000 apiece; and geophysica] methods may be generally inappli- 
cable due to rough terrane, high-velocity beds at the surface or complicated 
structural conditions of the nappe. I hope this subject will be explored further at 
the Wednesday night symposium when such authorities as Link, Lammers, and 
Blackstone‘ will discuss overthrusts in greater detail. 

Late Tertiary volcanics in northwestern Wyoming varying from a few hun- 
dred to several thousand feet in thickness cover an extensive area of Mesozoic 
and Paleozoic sediments which produce oil in contiguous areas. In some of the 
deeply cut canyons there are indications of folding in the underlying beds involv- 
ing horizons which are present on the crestal portions of some of the producing 
fields in the Big Horn Basin. The Columbia River basalts cover thousands of 
square miles in Washington and Oregon and effectively mask folded Cretaceous 
and Tertiary strata. Some of these underlying sediments consist of thick conti- 
nental deposits which here and there interfinger with marine beds and apparently 
grade westerly into a thicker marine series. Other areas of interest are in south- 
eastern Idaho where Tertiary volcanics mask Mesozoic and Paleozoic rocks that 
appear to have structural and stratigraphic conditions capable of producing oil; 
and in southwest Texas where Tertiary volcanics cover several hundred square 
miles of Cretaceous and older sediments. 


4 T. A. Link, E. C. H. Lammers, D. L. Blackstone, Jr. 
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Portions of Nicaragua, Costa Rica, and Panama are covered by late Tertiary 
and Quaternary volcanics that may mask favorable conditions in marine Terti- 
ary sediments. 

A thick series of lavas of probable Triassic age covers an area of more than 
1,000,000 square kilometers in the Parandé Basin of southern Brazil. Evidence of 
some low folding and the presence of some bituminous limestones and tar-impreg- 
nated sandstones in the peripheral area suggest the possibility of favorable con- 
ditions for oil beneath this thick basaltic cover. 

Many geologists feel that additional] oil fields will be found in areas where 
high-velocity limestones are present at or near the surface but where the usual 
geophysical methods fail to give us a satisfactory picture of the underlying struc- 
ture. The Edwards Plateau of Texas, southern Florida, and the Yucatan Penin- 
sula of Mexico are good examples of favorable areas masked by relatively flat- 
lying limestones. The seismograph fails to produce satisfactory reflections under 
these conditions. Geophysicists tell us that either the energy is not transmitted 
to depth, or the limestone vibrates with a high-frequency ground roll which masks 
the energy reflected from the beds below. Whatever the reason, it is principally 
a geophysical problem and undoubtedly will be satisfactorily solved by the 
geophysicists themselves. Some seem to think secondary refraction is the answer, 
at least in locating the larger structural features. 

Sand dunes, glacial débris, and loess partially mask certain areas having rea- 
sonable oil possibilities. However, they present only minor difficulties as a rule, 
except where they occur in considerable thickness. 

Complicated conditions above an unconformity may hinder proper inter- 
pretation of structure below the unconformity and so may be considered as one 
of the minor masks. The solution here lies in having sufficient subsurface control 
for detail correlation. 

The last mask in this list and the most extensive one is that of water. It covers 
extensive areas of the Continental Shelf that Pratt and others have estimated 
contains billions of barrels of oil. Water is not in itself a difficult mask to pene- 
trate. The gravity and seismic methods successfully used on shore can readily 
be adapted to this new environment. The greater cost of development will, how- 
ever, be an important factor in determining the rate at which these offshore 
prospects will be drilled. 

Gulf Coast operators will undoubtedly proceed cautiously, at first limiting 
actual drilling to the larger non-piercement type structures within the 10-fathom 
mark before attempting to prospect features that might not prove profitable 
under the added costs of water operations. 

Millions of barrels of new oil will be found in structures along the relatively 
narrow shelf off the coast of Southern California when certain legal restrictions 
are removed. These fields will be located by a combination of underwater obser- 
vations, submarine sampling devices, and reflection seismograph. Restrictive reg- 
ulation rather than water has been the deciding factor in retarding offshore 
exploration in California. 
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Curiously enough, California had offshore production prior to 1900. Sometime 
between 1894 and 1899 a number of wells were drilled from wharves offshore in 
the Summerland area. Some of these wells were drilled as far as 1,230 feet offshore 
and in 12 feet of water. Since that time production has been obtained in several 
offshore fields where drilling has been from piers or by slant drilling from on- 
shore locations; and in one case, from a pier-type construction consisting of an 
island with no direct connection on shore. 


PREJUDICES 


In reviewing the past we are amazed that certain obvious structures were not 
drilled sooner, and that areas now known to be favorable were so long overlooked. 
This may have been due to a lack of imagination or may have been due to preju- 
dice in our thinking at the time. 

Prejudice is used here in the sense of premature judgment, based on insuffi- 
cient evidence, not in the sense of bias or refusal to accept facts. 

The tendency of the early operators in San Joaquin Valley to stop at the top 
of the “brown shale” on the théory that deeper possibilities were limited to ir- 
regular and scattered sand lenses delayed the development of the Miocene and 
deeper formations in the Valley which now yield more than two-thirds of the daily 
production in this area. The possibility of substantial production from blanket 
sands below the top of this “brown shale’”’ was not generally accepted until after 
the Miocene discoveries at Kettleman Hills and North Belridge. The early dis- 
covery of Kettleman Hills, long recognized as a closed anticlinal structure, was 
delayed by opinions widely held at that time that the structure was too big and 
the sands too thick to be fully saturated; that oil could not exist in liquid form 
at depths approaching 10,000 feet; and that any sands present at that depth 
would be too tight to form a suitable reservoir. 

Kansas geologists who now recommend drilling to objective formations down 
to and including the top of the Cambrian will recall when drilling stopped at the 
top of the Mississippian. Operators drilling on piercement-type domes in the Gulf 
Coast bottomed their wells near the top of the salt until production was dis- 
covered under the overhang at Barbers Hill in 1927. 

Every oil district has had a somewhat similar experience. It is only within 
the last couple of years that the Rocky Mountain operators have accepted the 
idea of drilling 10,000- to 12,000-foot tests. In view of the large number of deep 
producing wells to-day, and the industry’s ability to drill to depths greater than 
17,000 feet, it seems absurd that so many operators should have hesitated to test 
that part of the sedimentary section that now looks so favgrable to us, at least 
that part of it within the recognized limits of their drilling equipment. Un- 
doubtedly many of these decisions were based on considerations of high initial 
investment, doubtful reservoir performance, and excessive production costs. 

This feeling was prevalent at the time of our last annual meeting in Los An- 
geles, and influenced drilling on prospects having objective formations below 
10,000 feet. The discovery of prolific production at Rio Bravo in Kern County, 
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California, that same year, proved conclusively that highly profitable production 
could be obtained from formations below 11,000 feet; and did much to remove the 
general prejudice against deeper drilling. Production is now obtained down to 
depths of 13,778 feet. 

In genera] it is good geological reasoning to stop a well when the drill has 
entered a formation which the preponderance of evidence indicates is basement. 
Nevertheless, experience in some areas suggests the necessity of very careful 
consideration to determine whether conditions exist which might have altered 
the general characteristics of the basement rock locally. 

Weathering or faulting may provide or induce porosity in these otherwise 
dense or tight rocks and accumulation may result from contact with younger oil 
measures or source beds. Production from the Knoxville of the Santa Maria 
Valley field and from the schists of the Bakersfield and Los Angeles Basin areas 
are local examples. 

The use of the term “Weber quartzite” in describing the Upper Pennsylva- 
nian sand in the outcropping section in northwestern Colorado undoubtedly played 
a part in delaying the discovery and retarding the development of deep produc- 
tion at Rangely. In the Mid-Continent the Hunton was generally considered 
“flashy” before the discovery of excellent production from the Bois d’Arc member 
of the Hunton at West Edmond. 

The Cretaceous of California is rather generally considered as capable of pro- 
ducing gas rather than oil, even though small amounts of oil were produced from 
the Cretaceous at an early date and seepages are known. 

A tight Kansas City section may temporarily condemn an area in western 
Kansas or eastern Colorado even though the irregular and spotty nature of poros- 
ity in limestone is well known. 

Areas of thick continental deposits are slow to receive attention, probably 
because of preconceived notions as to what constitutes source material. Gas is 
commonly found in continental sediments under conditions that leave no doubt 
as to its non-marine origin. Surprising amounts of oil have been produced from 
continental-type sediments, but the origin of the oil has generally been attributed 
to the proximity of a marine environment. 

In several of the fields along the east side of the San Joaquin Valley and in 
some of the Tertiary sand areas of the Gulf Coast, the presence of oil in beds of 
non-marine origin can be logically explained by updip migration from areas of 
marine deposition. Production from the Sespe redbeds of the Santa Clara Valley, 
California, can be explained by faulting which has brought a favorable marine 
section against these porous continental beds. Oil from the non-marine Morrison 
formation of Wilson Creek in northwestern Colorado, the Shinarump conglomer- 
ate at Rangely, the Kootenai sands of north-central Montana, and the small 


5 World’s deepest production at end of 1946, Shell Oil Company’s No. 2 Smith State Unit 1, 
at Weeks Island, Iberia Parish, Louisiana. Total depth, 14,301 feet. Producing interval 13,763-13,778 
feet (Miocene). 
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amounts of oil from the Permian and Triassic redbeds in a few of the fields in 
Wyoming probably is derived from marine source rocks. 

However, the substantial quantities of oil and gas present in fluvial and la- 
custrine sediments of lower Eocene age at Hiawatha and Powder Wash in north- 
western Colorado occur under geological conditions that strongly suggest non- 
marine Tertiary rocks as a source. Production in some of the fields along the east 
side of the Andes of Argentina and Bolivia comes from a glacial series of Permo- 
Pennsylvanian age; and at Comodoro Rivadavia in southern Argentina oil is 
reported to occur in sediments of continental origin. At Baki and several other 
fields in the great Caspian Basin oil is present in a brackish-water series. 

Curiously enough, when the reflection seismograph was first introduced into 
California some few felt it might be used to find shallow deposits of gas; but that 
it probably would not locate deeper structures which might contain oil. Possibly 
some of the misconceptions about the deeper possibilities of the alluvium-covered 
portion of the San Joaquin Valley may have been due to an opinion expressed 10 
years previously by a prominent geologist to the effect that he had yet to see a 
place in California where structure was not reflected in some manner at the sur- 
face and that since these structures had been largely tested he looked for few, if 
any, more large fields in the state. In spite of its success in several areas in other 
states, the reflection seismograph was not generally accepted in California until 
after the discovery of Ten Section field. 

Not all of our prejudices are ancient ones, nor are they necessarily all on the 
negative side. The very fact that we realize we have had them tends to make us 
more alert to new possibilities to-day. A geologist or operator may unconsciously 
carry a local prejudice from one area into another. On the other hand he may 
enter the new area with no preconceived notions about it. 

This point is well illustrated by the fact that European geologists familiar 
with the Fars and Asmari production of the old Persian fields were unwilling to 
recommend drilling on Bahrein Island in the Persian Gulf because this structure 
was eroded below the known producing formations of the Persian fields. An Amer- 
ican company entering the area with no such preconceived ideas obtained excel- 
lent production. 

A geologist who has done most of his work in relatively simple low-relief areas, 
or has been continuously employed in complicated areas of high relief, may re- 
tain certain misconceptions regarding such things as the necessary amount of 
structural closure, the effect of tight folding on reservoir porosity and perme- 
ability, the significance of thinning or rapid facies changes along a plunging nose, 
the influence of depth of burial or the extent to which igneous intrusions affect 
near-by sediments. His attitude regarding remoteness, the value of distillate pro- 
duction, and the advantages of unitization; or his unfamiliarity with small or 
queer-shaped land parcels, such as the arpent strips of south Louisiana, may aid 
or retard prospecting in new geological provinces. 

Dry holes or unprofitable producers may take the edge off our enthusiasm 
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and delay further consideration of new districts or of a particular structure or 
horizon. Some years ago two of our members were discussing the future of West 
Texas; one considered the deeper possibilities excellent since practically all wells 
that had drilled below the Permian had logged showings; the other argued that 
if oil were present in producible amounts in the pre-Permian of West Texas, at 
least one of the deep wells that had already been drilled would have found it. 

This brings up an interesting question. How many wells must we drill or what 
must we know about an area before we can venture to say that no further pos- 
sibilities exist? This is pertinent to consideration of some of our older producing 
districts, and to future prospecting in Washington, Oregon, North and South 
Dakota, Idaho, Utah, Nebraska, and the southeastern states. 


SUMMARY 


The American petroleum industry has grown tremendously in the last ro 
years. During this period exploration efforts resulted in discoveries that have 
increased net reserves of crude oil by 38 per cent. Nevertheless, during the last half 
of this period there has been a gradual decline in the rate of finding new high- 
quality fields. 

In order to maintain our present reserve position, we must find nearly 2 
billion barrels of new oil each year. Until research can suggest a new discovery 
method or provide us with a new set of oil-finding tools, our exploration effort 
will consist mainly of reworking many of the samé areas in more detail and with 
closer teamwork between the various oil-finding groups. Many new fields un- 
doubtedly lie hidden under some of the geological masks I have mentioned this 
morning, and some of our future oil will come from areas that do not look attrac- 
tive to us at this time. If we can devise some way of effectively penetrating these 
masks and will examine all areas and all new ideas with an open mind, we will 
be in a better position to find these new supplies of oil. 

Cheaper drilling would help to solve this problem, especially in those areas 
where favorable stratigraphic and structural conditions are hidden by the older 
rocks of an overthrust sheet or a thick mantle of volcanics. Where flat-lying high- 
velocity limestones are at or near the surface, the problem is up to the geophys- 
icists. The water cover of the continental shelf can be effectively penetrated by 
our present prospecting methods but development may be retarded by economic, 
legal and possibly political factors. 

Drilling costs have always been one of our major problems in exploration, as 
well as development, and probably always will be. The present high cost of water 
operations and of prospecting in remote or difficult areas on land suggests that we 
are entering an era of million-dollar wildcats and that possibly there should be 
more joint exploration ventures similar to ‘‘Operations Muskeg.” 

All areas of thick sediments, whether of marine origin or not, should be ex- 
amined critically. Abnormally large areas of normal gravity should be reworked 
in more detail, and by different methods. In view of the variable nature of poros- 
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ity in limestones a tight section in one well should not prevent further considera- 
tion of the surrounding area. Exploratory wells should be drilled through the 
entire sedimentary section, unless there is positive evidence that no deeper pos- 
sibilities exist, and all showings in wildcat wells involving intervals of reasonable 
thickness should be tested regardless of personal opinions or preconceived notions 
as to the importance of the showings. 

It is apparent that we need more information of the type that only the drill 
can give. One of the most constructive moves we could make at this time would be 
to better adapt our oldest and most positive oil-finding tool to the immediate 
needs of the geologist. The designing of cheaper drilling equipment for deep geo- 
logical investigations should be one of our major objectives in applied research. 

In closing, I visualize increasing opportunities for applying the principles of 
geology in oil exploration. More geologists will be needed. Some will spend the 
greater part of their lives in foreign countries and must be carefully chosen for 
their adaptability. Others will be engaged at home in detail subsurface studies 
in local areas, and will be selected for their ability to tackle complicated problems 
and stick with them. More of the senior geologists with broad experience, imagi- 
nation, and vision must be relieved of routine and administrative duties and al- 
lowed to work exclusively on the broader problems of finding new oil provinces. 


| 
i 
| 
| 


BULLETIN OF THE AMERICAN ASSOCIATION OF PETROLEUM GEOLOGISTS 
VOL. 31, NO. 7 (JULY, 1947), PP. 1118-1124 


WHITHER EXPLORATION! 


J. J. JAKOSKY? 
Los Angeles, California 


INTRODUCTION 


Many developments in international politics during the past few months have 
created much concern over the adequacy of our petroleum reserves. Not only the 
leaders in the oil industry, but also many industrial, congressional, and military 
leaders are concerned over our ability to maintain a domestic production capacity 
sufficient to support the industrial and civilian markets, and if necessary, to meet 
the demands of another world-wide war. 

Since 1938, the question of an adequate oil supply has been of vital impor- 
tance. We know our oil production in the United States has exceeded the total 
discovery of new oil. Many and various factors have contributed to this unfavor- 
able condition. The most important appear to be of a politico-economic and a 
technologic nature. For the purpose of my paper to-day, I would like to discuss 
certain of these factors which have had a direct bearing upon our professional 
work in economic geology. 

One major factor which has fostered the unfavorable relationship between the 
production of oil and the discovery of new domestic fields is the type of controlled 
economy under which we have had to operate during the past decade. The petro- 
leum industry is the second largest in the United States, and probably the most 
outstanding example of an industry that has developed under private initiative, 
where open competition and a sane economy have given us world leadership. 
When this condition was suppressed by unfavorable legislation and regulations, 
initiative was stifled and aggressive exploration was inhibited. During the war 
period of controlled price ceilings for crude oil, profits were not sufficient to yield 
a return adequate to stimulate exploration in the high-risk areas. Wildcatting was 
suppressed and much of the drilling was directed toward the proving-up of the 
more favorable prospects, and the extensions of known producing areas. This in- 
hibiting effect* of too low a price has been particularly exaggerated after issuance 
of the “Hold-the-line Order” in April, 1943, which froze the price of oil at sub- 
stantially a fixed level, while labor and material costs were allowed to advance. 


1 Presidential address, Society of Exploration Geophysicists, Los Angeles, California, March 25, 
1947. 

? Consulting engineer. The writer desires to express his appreciation for factual data from A. C. 
Rubel, vice-president, Union Oil Company of California; and for constructive reading of this pa- 
per by: Howard C. Pyle, Bank of America; William H. Geis, consulting engineer; Henry C. Cortes, 
Magnolia Petroleum Company; John Pierce, Western Oil and Gas Association; John Jakosky, Jr.; 
Henry Salvatori, Western Geophysical Company; Cecil H. Green, Geophysical Service Inc.; Sam 
Grinsfelder, D. L. Shepherd, and D. Ruesch, Union Oil Company of California; Wm. M. Rust, Hum- 
ble Oil and Refining Company; and A. W. Knight, patent attorney. 


® Report on the Cost of Finding, Developing and Producing Crude Petroleum, Submitted to the Office 
of Price Administration, by the National Crude Oil Industry Advisory Committee, February 11, 1946. 
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During this same period, our exploration difficulties continually increased. Since 
1943 and until a few months ago, the average income from the sale of crude oil 
was approximately 35 cents less per barrel than the replacement cost of new oil. 
The industry as a whole has avoided bankruptcy by the simple expedient of 
operating chiefly on funds derived from the sale of crude oil obtained from pro- 
ducing properties discovered nearly a decade ago. A brief over-all picture of the 
increased replacement costs for new oil may be obtained from the data given in 
Table I,’ which shows the relative costs during the past decade of the: lease 
operating costs,‘ the drilling or development costs,5 and the exploration costs.® 


TABLE I 
Total Cost 
Operating Development Exploration 
Year Costs Costs Costs of ae 
il 
1936 0.262 0.180 0.654 
1937 0.274 0.213 0.145 0.632 
1938 0.311 0.201 0.163 0.675 
1939 0.205 0.360 0.846 
1941 0.292 0.199 0.262 0.753 
1942 0.311 0.218 0.415 0.947 
1943 0.307 ©. 2096 0.434 1.037 
1944 0.308 0.383 0.907 1.598 


In the past ro years, the lease operating costs have increased only about 17 per 
cent. There has been an average increase of about 70 per cent in basic wages and 
other costs during this time. To offset this increase in wages, there have been two 
factors: an increase in production per man-hour, due to the installation of better 
field equipment as the producing fields became stabilized; and secondly, greater 
production from wells as proration regulations were removed during the war 
emergency. Better operating efficiency has therefore held the lease operating costs 
below a value which might be expected in view of the general price rises during 
this period. 

The development costs have increased approximately 80 per cent in the past 
decade. This is nearly ro per cent greater than the average increase in basic wages 
and other costs and shows the normal increase due to: greater depth of wells, 
larger size of holes, heavier equipment, and the increase in the number of dry 
holes. The percentage of dry holes rose from 13.5 per cent to more than 27 per 
cent. 

During the past ten years, however, our exploration costs have increased more 


ay Total operating costs divided by volume of production will disclose operating cost per barrel. 


5 Total cost of oil wells completed each year, divided by volume of estimated oil reserves recov- 
erable from such wells, approximates development cost per barrel on a replacement basis. Jbid. 


° Total of finding costs, divided by the volume of new reserves discovered in the same year, ap- 
proximates finding cost on a replacement basis. 
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than 400 per cent. Wages in exploration work have gone up somewhat comparable 
with the average increase in basic oil-field wages. Tending to offset increased 
labor and material costs, are the many advances which have been made in our 
geological and geophysical techniques. Yet with all of these advances, the explora- 
tion costs have increased 30 times more than the Jease operating costs, and over 6 
times more than the development costs. 

The reason for this greatly increased exploration cost is due chiefly to the de- 
crease in effectiveness of both our geological and our geophysica] techniques, as 
we rework old areas and extend into the marginal areas. 

Our exploration techniques have been in cycles, each extending over a period 
of a relatively few years. The first technique utilized surface indications such as 
oil seeps. Then came the period of creek-ology, which ushered in the trend theory; 
then we again reverted to surface indications as geology and plane-table mapping 
were employed to find structural highs. 

During this time much wildcat drilling was being done. The wells were not 
too expensive due to their shallow depth. Then slim-hole and other systematic 
drilling techniques were introduced to work out structure covered by shallow 
overburden and unconformities. The relatively high cost of exploratory drilling 
encouraged the use of geophysical techniques, which were able to map the sub- 
surface structural highs. Then we had the peak periods of application of refraction 
seismic, torsion balance, magnetometer, reflection seismic, gravity meter, and 
some geochemical and electrical work. The areas most amenable to the present 
geophysical and geological methods now have been well covered, and probably 
the more readily interpreted subsurface conditions diagnosed in terms of economic 
geology. 

To-day, for lack of better methods, as we continue our search for the sub- 
surface structural highs, the trend in general is toward the ultra refinement of 
present techniques, which comprises the careful evaluation of an area by the use of 
more intensive geology, where possible, supplemented by two or more geophysical 
methods. By correlation of the data from different geophysical methods, it often 
is possible to interpret some of the weaker anomalies, whose significance are not 
apparent from the application of one single geophysical method. Obviously the 
cost of such work, necessitating the combination of independent techniques, must 
be high. 

If it were not for the limitations imposed by economic considerations, we could 
continue along the present lines of endeavor with more and more intensive ap- 
plication of the combined geophysical and geological procedures. Such a program 
will of course find additional oil, but its use can only result in increasingly greater 
costs. Thus the law of diminishing returns enters into the picture, as we rework 
old areas and extend into the less easily mapped marginal] and the deeper areas. 
Often the development of these deeper structures is not overly attractive due to 
the greater cost of deep drilling, coupled with the fact that the deeper horizons 
generally have a smaller recovery per acre. The increased development and lease 
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operating costs, together with the lower productivity, far too often make the de- 
velopment of a deep-lying structure a risky marginal operation. 

In the United States, the most important undeveloped areas remaining to-day 
are the covered or masked areas, complex fault accumulations, and the strati- 
graphic traps created by unconformities, pinch-outs, changes in porosity or 
sedimentation, and lensing. Nearly a third of the important oil fields in this 
country have been of the stratigraphic type, discovered by random drilling. This 
list includes such important producing fields as the Midway-Sunset, Coalinga, 
and Kern River here in California; Glen, Burbank and Bristow-Slick in Okla- 
homa; the East Texas in Texas; the Smackover in Arkansas; perhaps the new 
Delhi in Louisiana, and the Bradford in Pennsylvania. In addition, we have many 
smaller fields, such as the Cut Bank in Montana; and the shoestring pools of 
Kansas. Such a high frequency of blind discovery without the aid of geology and 
geophysics clearly indicates the much greater frequency of occurrence of the 
stratigraphic accumulations. Since our present exploration methods are not gen- 
erally applicable to the detecting and mapping of stratigraphic traps, it is to be 
expected that unless some more effective technique of prospecting is developed 
very shortly, we will again revert to the drilling cycle of exploration. If this 
happens, we will have much exploratory drilling along stratigraphic trends, using 
less geology and geophysics, and depending primarily on actual drilling luck for 
success. In the past, such random drilling has been moderately successful in some 
areas and undoubtedly will find more oil in the future. The recent price increases 
for crude oil will stimulate this type of exploration. Such wildcat drilling, how- 
ever, will not be as attractive as it was a decade ago, due to the greater cost of 
drilling and the limitations imposed by present laws and taxes on the financing of 
such operations. 

In speaking of more effective techniques, do not visualize a refined crystal ball 
or the early evolution of a radically new principle of operation. We will undoubt- 
edly continue to utilize the presently known properties of rocks im situ, perhaps 
much as employed in our present geophysical art. We have good reasons, how- 
ever, to expect decided improvements in instrumentation, better use of field 
equipment, and more complete interpretation. 

Interpretation is probably the least advanced of any of the components of 
successful exploration. This is due to the human inability of the interpreter to 
evaluate properly the effects on the geophysical data of the complex stratification 
and the lateral variations comprising the subsurface. The subsurface is an ex- 
tremely complex three-dimensional region which the interpreter must diagnose 
with only the help of the very limited, incomplete type of data obtained from our 
present techniques. 

Oftentimes a relatively minor improvement makes the difference between 
data having definite diagnostic value and data that may be ambiguous or even 
misleading. To-day, practically every major exploration organization is increas- 
ing its research activities, trying to discover new and better exploration methods. 
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Such research is groping into every field of scientific achievement in hope of 
utilizing new discoveries that have not heretofore been applied to oil exploration. 
It seems reasonable to believe that under such stimulated effort, new applications 
will be made of developments taken from other lines of science or industry. How- 
ever, many new applications in nearly all fields of engineering, are being retarded 
now due to the policy of secrecy forced upon many industrial and research or- 
ganizations during the past 5 years. This secrecy has been fostered by the mal- 
functioning of our patent system. Due to political interference in the administra- 
tion of the patent office, it now takes years instead of months to get an application 
sufficiently advanced to evaluate its patent possibilities. As a result, secrecy is 
oftentimes advisable, if advantage is to be gained from the fruits of the research 
work. Such a policy greatly retards our national progress by inhibiting the dis- 
semination of fundamental information. It also fosters unnecessary rivalry be- 
tween scientists and laboratories, with the resultant duplication of much funda- 
mental research and studies. Issued patents serve as reliable sources of informa- 
tion, and more important, stimulate early publication of technical papers. The 
patent background constitutes one of the interesting differences between applied 
geology and applied geophysics. Geology is an art almost wholly devoid of 
patents. Geophysics, on the other hand, due to its foundation of electronics and 
engineering, utilizes some 2,000 active patents, covering everything from 
galvanometers to drills. 

In addition to the difficulty within the patent office itself, much confusion 
exists regarding the legal interpretation of patent claims. To illustrate one general 
trend: recent Supreme Court decisions have held that an indispensable ingredient 
of a patentable invention was a “‘flash of thought,” originating in the mind of an 
individual. A majority of the 100,000 patents issued annually in the United 
States are for discoveries made in laboratories, staffed by specialists working as a 
group. Recent court decisions make many such patents invalid because of their 
group origin. This reasoning, if applied to petroleum exploration, would say that 
valid title to acreage should be given to a lone wildcatter who had a “flash of 
thought”’ disclosing the subsurface oil accumulation, but title to this same acreage 
should become public property if the discovery is the result of the usual careful 
work by a group of specialists, comprising for instance, the geologist, paleontolo- 
gist, geophysicist, and the land men. In some recent cases, our higher courts ap- 
peared to be making their decisions so as to further political creeds rather than 
on an unbiased interpretation of those fundamental patent laws, upon which our 
industrial progress has been built. 

Another illustration of the effect of political maneuvering upon our explora- 
tion efforts is the confusion regarding ownership of California tidelands and the 
submerged shelf along the Gulf Coast area. For nearly 170 years, the courts have 
decided that submerged lands were the property of the states; and 52 decisions of 
the United States Supreme Court have granted sovereignty to the states. Sud- 
denly in 1936, an attempt was made to reverse this long line of decisions. After 
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much legal maneuvering and costly court work, there is now pending before the 
United States Supreme Court a new suit by the Federal Government against the 
State of California, “claiming that all persons who hold title or leases from the 
State of California on submerged lands are trespassers against the rights of the 
United States.’”” 

At best, the exploration and development of submerged areas is a costly and 
difficult burden. Now, in addition to the technologic and economic problems, 
there has been added a legal burden. The systematic development of these tide- 
lands and offshore areas has been, and will be, delayed to a great extent until the 
lega] phases have been clarified. 

Exploration activities have been stimulated by the price increases of crude oil 
during the past few months. A considerable margin must exist between the selling 
price of oil and its cost of replacement with new reserves, because ‘approximately 
65 per cent of the gross income from the production of crude petroleum must 
normally be expended in the search for and the development of petroleum re- 
serves to maintain adequate production.’’® 

In addition to the recent price increases, a further incentive to exploration 
is possible by modifying our present income tax set-up, which now actually 
penalizes the financing of any intelligent long-range exploration program. In 
particular, tax structures should be adjusted to allow the smaller independent 
operator an opportunity to plow back into his business enough profit to make 
prospecting for new domestic fields profitable. This is difficult now because of the 
limitations on net operating loss carry-overs and carry-backs, and the limitation 
on deductions for geological and geophysical expenditures. In the past, a large 
part of our risk money for wildcat exploration has come from the smaller in- 
dependent operators, who accumulated sufficient profits during their flush years, 
to drill succeeding wells. A more liberal interpretation of the revenue statutes 
would enable many operators to recover their initiative in exploration. 

In summarizing the situation in which we find ourselves, it seems reasonable to 
believe that the present unsound condition now existing can be greatly improved 
by the correction of certain factors. Some of these factors are of political origin 
and should be corrected by changes in recent promulgated regulations and laws. 
The economic factor imposed by a too low price ceiling has been rectified recently 
by expiration of the wartime emergency act. Much yet remains to be done by 
proper changes in tax structures and income regulations. New technologic de- 
velopments are needed and can be stimulated by improving and clarifying the 
patent situation, thereby allowing earlier publication of new fundamental and 
applied research. The cloud on the titles of tidelands and offshore areas should be 
lifted by an early action of Congress or the United States Supreme Court. 


7 Robert W. Smith, “That California Tidelands Case,’’ Mining and Metallurgy (March, 1947), 
p. 170. 

8 Report on the Cost of Finding, Developing and Producing Crude Petroleum, Submitted to the Office 
of Price Administration, by the National Crude Oil Industry Advisory Committee, February 11, 1946. 
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The changes in the general conditions during the past few months indicates 
that neither extreme optimism or pessimism need be voiced for the present state 
of domestic exploration, providing proper encouragement is given exploration and 
new technologic developments. On the basis of geologic probability, we can be 
fairly certain that much oil still exists to be discovered in the subsurface. It seems 
reasonable to expect intensive exploration activity; and, if history repeats itself, 
new domestic reserves should be discovered. 
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The preliminary estimates tell us that proved reserves of oil, as of the first of 
1947, range from about 21,200,000 to 21,900,000 barrels, depending on your choice 
of estimator. There is more petroleum in sight, to meet the demands of future 
years, than there was a year ago. Nevertheless, there are some districts where 
proved reserves declined, suggesting that these districts must, before long, borrow 
from more favored areas or otherwise supplement their declining supply. 

Does this increase in reserves mean that geologists, during 1946, demonstrated 
ability to find new fields faster than they are needed to meet the growing needs of 
the country? The answer has to be “We do not know.” For more than ten years 
the additions to reserves from revisions of earlier estimates, from extensions and 
from discoveries of new pays in fields found in past years have, year by year, 
materially exceeded the new oil credited to new pools. In 1946, the reserves cred- 
ited to entirely new pools ranged from 1/6 to 1/10, depending on the opinions of 
the estimators, of the total additions. The remainder came from extensions and 
revisions. 

This is not necessarily alarming. The large revisions and extensions mean that 
it is not possible, during the year of discovery, to appraise the importance of the 
discovery. It is our practice to talk only of the oi) that is definitely in sight, and to 
let future years demonstrate that the deposit was larger and richer than we could 
predict with assurance. Guesses will vary about how long it should take to know 
the real magnitude of discoveries, but all students of petroleum reserves now 
realize that years must elapse after discovery before the recoverable oil in a field 
of real importance can be accurately estimated. They also know that every im- 
portant change in the price of oil, in the cost of labor, in reservoir engineering and 
in many minor factors, will increase or reduce the amount of oil that can be re- 
covered from wells and fields before economic conditions force their abandonment. 

The importance of revisions that result from economic factors was demon- 
strated when Pennsylvania, the original oil-producing state, emerged from 1946 
with more reserves than were in sight when the year began. This reversed a long 
period of decline. No important new fields had been found, but the estimators 
recognized that if the present price for oil is maintained or increased the recovery 
from existing fields, and perhaps from fields that once were abandoned, will be 
greater than could be anticipated a year ago. 

The statistics for wildcat wells and for new fields discovered during 1947 are 
not reassuring. The oil-finders had a hard time. More wildcat wells were drilled in 


1 Read before the Association at Los Angeles, March 25, 1947. Manuscript received, April 29, 
1947. 
? Gulf Oil Corporation. 
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1946 than in any preceding year; more than twice as many as for any of the years 
before 1939. If discovery were in direct proportion to wildcatting effort, the 
number of new fields should have broken all records. Actually fewer fields were 
found than in 1945 or in 1944. Of course this means that the percentage of dry 
holes was high in 1946 when compared with the two preceding years. Such a 
record strongly indicates that unless some phenomenal fields are found, or im- 
proved oil-finding technique is developed, the number of wildcat wells must 
steadily increase if an adequate supply of oil is to be found. 

The previously known reserves were not merely maintained, but were actually 
increased by the discovery of extensions to older fields and of new pays in those 
fields. Upward revision of the inadequate estimates of previous years and 
many successful completions of wells that were designed to extend or to find 
new pays in old fields made the percentage of success of all exploratory wells, which 
include both strict wildcats and extension wells, as good as in 1945 and better than 
for any year prior to 1945. 

Events of interest and significance were by no means restricted to wells that 
found oil. For example, in Maryland and in North ‘Carolina wells drilled to granite 
disclosed thick sections of Cretaceous sediments not dissimilar to those that are 
productive in Mississippi. The well in Maryland was drilled near the east coast 
and the one in North Carolina is only } mile from the old Hatteras lighthouse and 
therefore is as far seaward as a location could be made and still be on land. The 
evidence indicates that even thicker sections of sediments overlie the granite east 
of these tests. The information from these wells, and particularly from the one in 
North Carolina, will affect the thinking about distribution and characteristics of 
sediments that may be oil-bearing as far south as the east coast of Florida and as 
far southeast as the northern part of the Bahama Islands. 

Georgia received comparatively little attention in 1946, despite the en- 
thusiastic press notices and vigorous land plays of past years. Perhaps the hopes 
of the wildcatters were once too high and must be given time to rebound from the 
impact of disappointment. Whatever the reason, only two wildcats, both dry, 
were recorded for the state in the trade journals. 

Florida was the scene of much more prospecting activity. About 25 wildcats, 
all dry, were completed and others were drilling at the turn of the year. There 
was some encouragement in the form of slight showings of oil and of gas in rocks 
of Upper and Lower Cretaceous age, but nothing that remotely resembled com- 
mercial production. A deep dry hole near the south tip of the peninsula, and 
another which was being drilled on the Florida keys near the Key West Highway, 
demonstrate that the limestone and anhydrite sequence of Lower Cretaceous age 
becomes very thick near the south tip of the state. What lies below it in the 
southern part of the peninsula is unknown although regional considerations sug- 
gest that sedimentary rocks of Jurassic, and perhaps older ages, are present above 
the crystalline basement. 

Two producers were added to the Sunniland field in Collier County, the only 
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oil field in the state. Like earlier completions, the wells found black oil of about 
22° A.P.I. in limestone of Lower Cretaceous age at depths greater than 11,500 
feet. The new wells are reported to be better than the earlier ones. 

Alabama received the attention that might be expected for a state next door 
to so active a state as Mississippi. About 12 wildcats were drilled, most of them 
in the southern part of the state. All were dry. They contributed materially to an 
understanding of the stratigraphic conditions in the state and supported the in- 
ference, based on geophysics, that salt domes, either deep or piercement, such as 
those with which most of the fields of Mississippi are associated, are not to be 
expected very far east of the western border of the state. It seems probable that 
thick beds of salt in depth either are absent or that the salt could not break 
through the strong overburden and lift the formations into domes. If many fields 
are found in Alabama they will, for the most part, be in traps formed by folding 
or faulting not associated with salt, or in lenticular reservoir beds. 

Few fields were discovered in Mississippi in 1946, but there were events which 
should stimulate the search for oil in strata of Lower Cretaceous age. In past 
years some gas and distillate were found in the Paluxy formation of Lower Creta- 
ceous age in the Hub field of Marion County. Showings of oil and gas had also 
been noted in the Lower Cretaceous in a few deep holes. However, the important 
pay sands of Mississippi’s fields were in the Eocene and the Upper Cretaceous, 
and the massive sand in the Tuscaloosa formation has been the objective of most 
of the deep exploratory wells. In 1946, production of gas and distillate from the 
Paluxy of Lower Cretaceous age was established in the Cranfield field, about 85 
miles west of the Hub field, suggesting that intervening territory might have 
similar prospects. A well in Forrest County, about 35 miles north and east of the 
Hub field, set pipe at 15,726 feet which would be about 7,000 feet below the top of 
the Lower Cretaceous and conducted a series of production tests at various 
depths. The company that drilled the well has made no statement but there is 
reason to believe that a number of zones in the Glen Rose and perhaps in other 
formations of Lower Cretaceous age contained oil and gas. 

Although the new discoveries added little to the reserves of the state, exten- 
sions of older fields more than compensated, so that the reserves at the beginning 
of 1947 were greater than those at the beginning of 1946. At least one important 
extension resulted from defying classical theory, moving downdip from an 
established oil-water contact, and finding a reservoir that did not extend over the 
top of the structure. In the vernacular of the oil fields the anticline was “‘bald- 
headed” as of this particular sandstone member. 

In Louisiana the world’s deepest oil-producing well was completed. Not only 
is this the deepest producing well in the world but, unlike many other deep wells, 
it is not called a producing well by courtesy because it can yield a few barrels per 
day. It came in from a perforated interval between 13,763 and 13,778 feet, good 
for 530 barrels per day through an 11/64-inch choke. Also, unlike many of the 
very deep producing wells, it yields oil of moderately low gravity—33° A.P.I—in 
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contrast to the gas and distillate which are more to be expected from very deep 
wells. To complete the story, it is on the flank of Weeks Island in Iberia Parish, 
one of the Five Islands which were recognized as piercement salt domes before 
Spindletop in Texas was drilled, and which was tested and given up by a number 
of oil companies before the present holder of the acreage determined to learn what 
might be present at great depth. It was on Belle Isle, another of the Five Islands, 
that Captain Lucas, the discoverer of Spindletop, did some of his early prospect- 
ing which led him to undertake the Spindletop venture. 

There was an extraordinary intensification of geophysical work, leasing, and 
some drilling in the waters of the Gulf of Mexico south of the Louisiana coast line. 
The activity extended some distance into waters claimed by the State of Texas. 
Studies of the regional geology indicate that the Miocene formations which are 
productive in coastal Louisiana, and to a lesser extent in coastal Texas, extend 
under the Gulf of Mexico and that even far out in the Gulf of Mexico they should 
contain course sediments. These Miocene strata are, in large part, of continental] 
origin under the mainland but on the south, under the Gulf, more of the total 
thickness should be of marine origin. There is no apparent reason why they should 
not contain good source beds. Unquestionably they contain permeable layers 
which could serve as reservoir beds. Known irregularities on the sea floor are 
thought to be due to piercement salt domes. If this were a land area it would have 
received enthusiastic attention long since. During the year one hole, 5 miles 
from land, was drilled to almost 13,000 feet. Preparations are in progress for a 
test about 18 miles from land. The trade journals have carried descriptions of 
proposed methods to permit wells to be drilled in water several hundred feet deep, 
but none of these has been received with enthusiasm by the men who must drill 
the wells. It seems probable that, in the immediate future at least, the drilling 
will be done from platforms or foundations that can be solidly fastened to bottom 
and that will extend well above wave level. Presumably this will add $200,000 or 
more to the cost of an exploratory well, as compared with a well of similar depth 
drilled on land. Underwater geophysical work is also costly as compared with 
work on land. The total outlay will be recovered only if excellent wells with 
sustained yield are consistently completed. 

Arkansas contributed little that was novel during 1946. New field discoveries 
were far from spectacular. Opinion varies as to whether reserves increased or 
declined. The mystery of why the Jurassic Smackover limestone, which is an 
important producing formation in the southwestern part of the state, has yielded 
nothing in the southeastern part of the state, although present and porous, ap- 
parently has not been solved. At least no explanation has been published. 

There are wide differences of opinion about how much different districts of 
Texas contributed to the proved reserves of the state but the various opinions 
agree that in Texas, in 1946, more wells were drilled, more fields were discovered, 
more reserves were added, and more oil was taken from the ground than in any 
other state. As in most other states, extensions and revisions played a much 
greater part in bolstering the reserves than did new fields. 
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Information developed during recent years has led many to believe that a 
number of fields, including the great Seeligson field in Bee County in southwest 
Texas, will be proved to be only parts of one mammoth field, larger than any 
other in the United States, except East Texas. If this is true, further substantial 
additions to the oil reserves are in the offing. The fields involved in this specula- 
tion are characterized by many lenticular sands. Some areas occupied by the 
highest part of the present anticlines apparently were almost or quite emergent 
from the sea while sands accumulated offshore so that oil pays which are absent 
over the tops of the folds may be present on their flanks. Such conditions demand 
persistent and rather blind drilling if all possible reservoirs are to be found and 
drained. 

Abnormally high pressures in wells in the Gulf Coast have been observed in 
some areas but if reported measurements are authentic, all records were broken 
when the Christmas-tree gauge on a well in Brazoria County recorded a pressure 
of 8,225 pounds. The well was yielding gas from perforations at 11,012—-11,014 
feet. Theoretically, such abnormally high pressures can exist only in a lenticular 
reservoir of comparatively small extent but the discoverer may be compensated 
by the volume of gas which may be compressed into limited space at such pres- 


Sure. 


In West Texas, both new discoveries and important extensions continued to 
demonstrate the importance of formations intermediate between the compara- 
tively shallow oil-yielding beds in the upper part of the Permian section, in which 
the early fields of the Permian basin secured their oil, and the Lower Ordovician 
formation, which was proved to be important years ago when it was opened in the 
Big Lake field of Reagan County. For some years, one or the other of these forma- 
tions was the objective of the wildcatter. Now much oil is produced from three 
or more additional Permian formations, from the Pennsylvanian, the Devonian, 
the Silurian, and the Upper and Middle Ordovician. It is anticipated that some of 
these formations will contribute important pools in the future when conditions 
which determine whether or not they are locally present with favorable charac- 
teristics are better understood. This probability is indicated by the present pro- 
duction from the Devonian strata. For some years showings in the Devonian rocks 
were ignored. Probably some wells were drilled through oil-Learing Devonian and 
Silurian strata without detecting the presence of oil since, in some instances, 
staining is not obvious although tests with solvents or with the fluoroscope show 
that oil is present. To-day, the TXL pool of Ector County, one of the important 
pools of West Texas, produces much of its oil from the Devonian. 

Before the Permian was deposited, the Permian basin was folded and then was 
peneplaned so that Permian rocks may now be in contact with granite or with any 
pre-Permian formation up to and including the Pennsylvanian, depending on the 
amount of deformation and of bevelling that preceded Permian sedimentation. 
Petroleum geologists and geophysicists, who work in this region, have an interest- 
ing and intricate task if they are to outline correctly the pattern of the bevelled 
edges of older formations beneath the Permian floor, even though the task is 
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somewhat simplified by reasonable uniformity in character and in continuity of 
the pre-Permian sediments. 

In 1946, Oklahoma ranked third and Kansas fifth in the tabulation showing 
total wells drilled in each state. They ranked third and fourth, respectively, in 
exploratory wells. Yet they shared with California, Michigan, New York, and 
Ohio the dubious honor of having smaller proved reserves at the end of the year 
than they had 12 months previously. This was not due to lack of effort. In fact, it 
is to the credit of Oklahoma geologists that the percentage of new reserves that 
were added by new fields was higher than in any other major oil-yielding state. It 
is apparent that available subsurface information is being studied intensively for 
many of the new discoveries were in areas that have been extensively drilled in 
years past. 

Developments in south-central Oklahoma give some reason for hope that new 
discoveries will be made in areas where prospective formations are so deep that 
comparatively little testing has been done. The western part of the state, which 
seems to be the real hope for a rejuvenation of Oklahoma, has not responded 
encouragingly to the efforts of the wildcatter. 

The record of Kansas in 1946 was much like that ef Oklahoma. Nothing tran- 
spired to create a real expectation that important fields will be found in the 
sparsely drilled parts of the state. In Kansas, as in Oklahoma, the westernmost 
part of the state has, thus far, failed to show promise. 

In Nebraska and adjacent South Dakota, the end may have come to a per- 
sistent effort to develop oil fields on or near the Chadron anticline, in the north- 
west corner of Nebraska and the southwest corner of South Dakota. Drilling had 
been preceded by work in the Black Hills where the formations that should be 
represented in the Chadron area crop out. Geophysical work of various types was 
done by several companies. The usual land plays followed, after which one 
company drilled five or six deep wells to test all possibilities down to the granite. 
The old arch, first mapped by Darton about 50 years ago, refused to surrender 
any of its oil, if oil it has. 

Nebraska has been the scene of extensive geophysical work, careful geological 
work, and a limited amount of drilling which penetrated all formations that 
might yield oil. The story of the prospecting in this state and in the Dakotas on 
the north, like that of the Salinas Valley of California, demonstrates that it takes 
something more than a combination of anticlinal structure, marine sediments, 
and permeable beds to yield oil fields. We will not understand the presence or 
absence of oil until we know how and from what oil is made and how it may be 
dissipated if once it is formed. 

There were interesting events in Wyoming, even though the new oil that was 
discovered little more than balanced the oil that was withdrawn from the ground. 
In fact, it is remarkable that the new reserves equalled the withdrawals because 
less than 200 wells were drilled in the state during the year and less than one- 
tenth of the new reserves are credited to new fields. The small number of wells 
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was the more remarkable because geologists, geophysicists, and lease men were 
active through the year, outlining new prospects and acquiring lands which must 
sooner or later be drilled. 

The possible effectiveness of geophysical work in the Big Horn basin was 
demonstrated by a wildcat well in Washakie County, which came in as an ex- 
cellent producer from the Embar formation through perforations from 9,990 to 
10,020 feet. It is reported that little, if any, sign of favorable structure is apparent 
in the outcropping formations of Tertiary age, which are separated by a great 
unconformity from the folded rocks in which the oil was found. This discovery 
dealt a blow to the theory held by many geologists that any worthwhile structure 
in Wyoming has some recognizable surface manifestation. 

Another notable discovery was made by the deepest well in Wyoming, drilled 
in Uinta County in the southwestern part of the state. At this location there is 
some evidence of surface structure. Unlike most wells that set depth records, this 
one produced its oi] almost at the bottom of the hole. It yielded gas and distillate 
from 12,674 feet and the total depth was 12,895 feet. With its completion, 
Wyoming joined the roster of the states which have production from below 
12,000 feet. 

A third item of interest was the discovery of Pennsylvanian oil in the Tensleep 
sand on the Quealy dome in Albany County. The Laramie basin has long yielded 
oil from formations above the Pennsylvanian but this is its first production of 
Pennsylvanian oil. The Pennsylvanian has now been proved productive from the 
north line of the state at Elk Basin almost to the south line of the state. 

Only one field was found in Colorado during 1946 and the importance of this 
field remains to be demonstrated. It is on the Elk Springs structure, about 25 
miles northeast of the Rangely field. Oil was found in the Weber sandstone of 
Pennsylvanian age, which is the producing formation at Rangely. In spite of this 
poor discovery record, the reserves in Colorado increased 66,000,000 to 90,000,000 
barrels, depending on the varying opinions of the estimators. These increases were 
due, almost entirely, to extensions of the Rangely field and to revisions of esti- 
mates of its probable yield. The differences of opinion may be due to varying ideas 
about the proper recovery factor to apply to the hard thick sandstone which is 
the producing formation in the field. The recovery factor is a figure by which 
estimators multiply the results of their detailed computations of pore space, sand 
thickness, connate water, shrinkage, and gas in solution in order to come out with 
the actual recovery which they feel will be most likely. 

Exploration in New Mexico was concentrated in the southeast corner of the 
state, with some attention given to the San Juan basin, in the northwest corner of 
the state. No fields with outstanding performances were discovered, but both ex- 
tension and wildcat drilling contributed to the growing promise of producing 
formations in the lower part of the Permian and in pre-Permian formations. Wild- 
cat wells demonstrated that Devonian and Ordovician formations, equivalent in 
age and apparently in other characteristics to stratigraphic units that are richly 
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productive in West Texas, are present in Eddy County, approximately 75 miles 
west of the westernmost wells in which they had been observed 2 years ago. In 
the San Juan basin, geophysical parties were active. Deep drilling, which is the 
vogue in other areas, reached this remote district and on the southern Ute Indian 
Reservation, in San Juan County, just south of the state line, a gas well reported 
good for 20 million cubic feet per day, was completed in the Paradox formation of 
Pennsylvanian age at the depth of 9,303 feet. This gives some suggestion of drilling 
depths which must be overcome if the Pennsylvanian is to be reached in the more 
central part of the San Juan basin, since the well is moderately high on the north- 
west rim of that basin. 

California had a discouraging year. The estimators are agreed that proved 
reserves declined, although they are not unanimous on the amount of the decline. 
This decline would have been more pronounced had it not been for excellent ex- 
tensions to several major fields and particularly to the Wilmington field. Explora- 
tory drilling was a discouraging business. Very few new fields were discovered and 
only one of these has been generally declared to be of possible importance. During 
the past 20 years, intensive search has discovered all fields that could be found 
easily, either by study of available geology or by the geophysical work that was 
available. The distribution of known oil fields indicates that there should be un- 
discovered pools in many areas but work of extraordinary quality or blind drilling, 
guided by extraordinary good fortune, is needed if they are to be found. At the 
end of the year, California had the satisfaction of having wrested the record of the 
deepest well in the world from Texas. At the present writing, this fleeting honor is 
held by Oklahoma. 

There are other oil-producing states which have not been mentioned in this 
brief review because nothing of particular interest was noted in their records for 
the year. It is worth mentioning that Illinois maintained, and even substantially 
increased, its proved reserves even though this now must be done by the discovery 
of small pools and by minor extensions of such pools. Much of the credit is due to 
the fact that wells are comparatively shallow and wildcat ventures, therefore, are 
inexpensive. More wells were drilled in Illinois in 1946 than in any state except 
Texas, Pennsylvania, and Oklahoma, and more exploratory wells were drilled 
than in any state except Texas. This same factor of inexpensive drilling also 
helped to sustain the proved reserves of Michigan. 


DEEP DRILLING 


Year by year, the drilling depth records, both for individual states, and for the 
nation, are replaced by new ones. In 1946, California had the deepest well in the 
world in the Pacific Western Oil Company and Getty’s National Royalties No. 1 
in Sec. 5, T. 26 S., R. 22 E., Kern County, which had attained the depth of 
16,668 feet in Miocene rocks. The Standard Oil Company’s (New Jersey) Hat- 
teras Light No. 1, which was dry in granite at 10,054 feet, gave North Carolina its 
first well with a 5-figure depth. The same company’s Maryland Esso No. 1, in 
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Worcester County, bottomed in granite at 8,000 feet, established a new record for 
Maryland. The record for Florida was broken when the Gulf’s State of Florida 
No. 1, on Big Pine Key, south of the main peninsula, entered the new year with a 
depth of 14,070 feet. In Mississippi, the Superior Oil Company’s Cassie Bradford 
No. 1, in Sec. 1, T. 3 N., R. 13 W., Forrest County, reached the total depth of 
15,730 feet in the Lower Cretaceous and showed as an oil well at a shallower depth 
in the Lower Cretaceous. 

A new depth record for Indiana was set by the Continental Oil Company’s 
Cooper Estate No. 1, Sec. 12, T. 3 S., R. 14 W., reported to be in Trenton lime- 
stone at its total depth of 6,408 feet. In Kentucky, the California Oi] Company’s 
Spears No 1, in Lincoln County, abandoned in granite at 6,117 feet, was deeper 
than any well drilled previously. In Oklahoma, the Superior Oil Company’s 
Weller No. 51-11, in Sec. 11, T. 8N., R. 12W., Caddo County, easily captured the 
state’s deep drilling laurels when it attained the depth of 16,350 feet in Pennsyl- 
vanian strata in 1946. In early 1947, this well was drilled deeper to capture the 
world’s record. A new depth mark for Louisiana was set by The Texas Company’s 
State Barataria Bay No. 2, in Sec. 5, T. 21 S., R. 25 E., Jefferson Parish, which 
was finished at 14,577 feet in Miocene sedimentary rocks. 

In Colorado, the Texas Company’s Unit No. 20, in Sec. 34, T. 3 N., R. 94 
W., easily held the state’s depth record when it stopped drilling at 12,702 feet 
in limestone of Mississippian age. In Wyoming, the Mountain Fuel Supply 
Company’s Union Pacific Railroad No. 1, in Sec. 8, T. 16 N., R. 112 W., Uinta 
County, surpassed all earlier records when it reached the depth of 12,894 feet in 
Jurassic rocks. In Montana, the Carter Oil Company and Phillips Petroleum 
Company’s joint test, Weaselhead No. 1, in Sec. 28, T. 34 N., R. 12 W., Glacier 
County, was abandoned in limestone of Mississippian age, at the depth of 10,102 
feet, a new record. In Oregon, The Texas Company’s Cooper Mountain No. 1, in 
Sec. 25, T. 1 S., R. 2 W., Washington County, captured a new record for that 
sparsely drilled state when it reached the depth of 9,263 feet. 

In establishing these records, the drillers, engineers, and equipment manufac- 
turers have thrown a challenge to the oil-finders, for in most of the oil-yielding 
states, wells have been drilled deeper than commercial oil has been found. Failure 
to establish important new reserves at great depth can not be laid at the door of 
the men who drill the wells. 

The deepest producing well in the world is the Shell Oil Company’s Smith 
State No. 2, completed in 1946 on the Weeks Island dome, in Iberia Parish, 
Louisiana, which was good for 530 barrels per day from Miocene strata at the 
depth of 13,778 feet. This is almost 3,000 feet shallower than the world’s deepest 
test. It remains to be proved that there are important oil fields, or even gas fields, 
at depths of 14,000 feet or more. At present we can see no good geologic reason 
why there should not be such fields. We know that formations, which have been 
proved productive in oil fields, are present in deep basins at depths far exceeding 
14,000 feet. There is no evidence that at great depths the rocks will be too im- 
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permeable to surrender their oil. The temperatures at depths of 14,000 feet or 
more in some of the sedimentary basins, are lower than those that have been 
recorded in areas where deformation has been intense or where there has been com- 
paratively recent igneous activity. The fact remains that very deep tests, some of 
which unquestionably are well located with respect to structural traps, have thus 
far failed to yield either oil or gas. 


GEOPHYSICAL METHODS 


The only striking addition to geophysical tools or technique was the airborne 
magnetometer, which was extensively publicized in the trade journals during 
1946. This was a pre-war invention designed to expedite and increase the accuracy 
of magnetic surveys. It was adapted to military use as a tool for detecting sub- 
marines. Only to-day is it coming into use as an aid in geophysical prospecting. 
When magnetic methods first were introduced they were enthusiastically used. 
Inability to interpret results led many companies to abandon this geophysical 
tool. Improved understanding of the significance of magnetic measurements has 
resulted in renewed interest in magnetic work. 

Seismic technique improved during the year. This statement is not based on 
specific instances so much as on the knowledge that any application of science, as 
young as is applied seismology, must inevitably advance. The science has not, 
however, overcome many of the difficulties which have hampered or defeated 
attempts to map areas where stratigraphy and structure are complex. In partic- 
ular, no satisfactory method has been developed to detect and compensate for 
sharp velocity changes. Uncertainty must always be attached to the interpreta- 
tion of seismic work in areas where deep wells do not provide information con- 
cerning stratigraphy, regional structure, and regional velocity. 

Gravitational] work is still being done on~a large, but on a diminishing, scale. 
It has been extended to water-covered areas through the increasing use of gravi- 
meters designed for under-water work. 
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HIGHLIGHTS ON DEVELOPMENTS IN FOREIGN 
PETROLEUM FIELDS! 


L. G. WEEKS? 
New York, N.Y. 


The writer was assigned the job of reporting to the Association at its annual 
meeting in Los Angeles on recent developments in foreign petroleum fields. On 
looking into the assignment, he found that activity in the search for or develop- 
ment of petroleum has been carried on in no less than seventy foreign countries 
in recent or post-war years. The scale of these activities ranges from that of 
Venezuela with her more than one million barrels of daily production in 1946 to 
that of countries like Sweden, where in a program of oil search in the southern 
part of the country the Government completed two wells in the past 2 years, in 
one of which a showing of oil was reported. 

Only the highlights of the activities in such a large number of countries can 
be reviewed within the scope of this paper. As this is the first review of this nature 
for the Association, the account of recent developments in most countries is 
prefaced by a brief statement of historic background interest. 

In addition to his colleagues, the writer is indebted to the following gentlemen 
for supplying him items of interest on the country or countries mentioned after 
each name. 


Norval E. Baker Iraq, Syria, Palestine, Lebanon and Qatar 
Edward Beltz East Indies 

D. Dale Condit India and Australia 

Arthur A. Curtice Chile and Brazil 

J. Brian Eby Austria, Hungary and Germany 

Ear] B. Noble Paraguay 

Frank Reeves Germany 


John L. Sullivan, Under Secretary of the Navy Alaska 
W. B. Wrather, Director, United States Geo- 
logical Survey Alaska 


It is proposed to take up the principal developments of interest country by 
country, stressing most particularly exploration. We shall begin with Alaska and 
continue southward through the Western Hemisphere, then consider successively 
the countries of Europe, the Near East, the Middle and Far East, the East 
Indies, Australia and, finally, the balance of Africa not included under the Near 
East. The areas subject to our remarks may be followed on the accompanying 
set of maps on which are broadly sketched the sedimentary areas and the devel- 
oped and more newly discovered oil fields. For simplicity we have shown the coun- 
tries of Europe with their pre-war boundaries. Appended also is a table of 
cumulative world oil production by countries, and the average daily yield for each 


1 Read before the Association at Los Angeles, March 25, 1947. Manuscript received, April 18, 
1947. 
2 Chief research geologist, Standard Oil Company (New Jersey). 
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country for the years 1946 and 1939. Another table lists the number of geophysi- 
cal crews in operation in 1946 by countries. 

Due to the recent World War and conditions since its close, there is a lack of 
reliable information on some countries. Our remarks concerning developments 
in such countries are general and are based on what is considered the most re- 
liable information available to us. . 


WESTERN HEMISPHERE 
ALASKA 


For security reasons there has been a greatly diminishing amount of informa- 
tion available on developments in the northern Alaska Cretaceous basin in which 
the 35,000 square-mile Naval Reserve No. 4 is located. 

Since the close of the war, exploration work initiated by the Navy during the 
war period has been contracted to Arctic Contractors. This American company 
is owned half by the exploration firm of Hoover, Curtice and Ruby and one-fourth 
each by C. F. Lytle Company, and Green Construction Company, both of Des 
Moines, Iowa. The operations are carried on under the general management of 
Bart Gillespie under the supervision of the Director of Naval Petroleum Reserves 
and the Operating Committee of the Navy. 

It is reported that geological mapping, geophysical work, and other ac- 
tivities are being carried forward on a considerable scale, continuing through the 
winter months. Further exploration activities and the manner of continuation of 
operations will be dependent on the results of these surveys and the drilling 
operations. Recent published reports indicate that the first test for oil, Umiat No. 
1, begun in 1945 on an anticline in the eastern part of the Reserve, may be aban- 
doned at a depth below 6,000 feet. It is reported that several sands with good oil 
or gas saturation but inadequate porosity were drilled. Oil seepages occur in 
various parts of the basin, the most prominent and best known being those near 
Cape Simpson, east of Pt. Barrow. 

The foregoing covers items that have been published in trade journals et cetera. 
The following is taken from a statement kindly supplied the writer by John L. 
Sullivan, Under Secretary of the Navy. 


In general the area, north of the Brooks Range, in which Naval Petroleum Reserve 
No. 4 is located consists of a broad coastal plain of low relief, covered by tundra and in- 
numerable shallow lakes, extending inland from the Arctic Ocean to beyond the seventieth 
parallel of latitude. Beyond the lake country the surface of the land rises gently in rolling 
hills becoming higher as the Brooks Range is approached. 

This is a region where rock exposures are poor even along the channels of the many 
rivers and smaller streams generally trending northward toward the Arctic Ocean. Surface 
geology is extremely difficult to work out under existing conditions and the Navy has, there- 
fore, tried about all the accepted methods of geological and geophysical exploration to 
determine the detailed structural geology of the exposed Upper Cretaceous sediments. 

It was first thought that relatively shallow core holes could be drilled on the low lands 
and that by correlating strata between them the underground structures could be delin- 
eated. The permafrost zone, averaging in thickness more than 600 feet, however, made 
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such exploration too slow and tedious to be practical since it frequently necessitated drill- 
ing upward through ice to get the bit out of the hole. The difficulty of moving the core hole 
outfit over the swampy tundra also caused material delay and added to the expense. 

Eventually a program consisting of trimetrogon aerial photographing of the area by 
the Army Air Force and the compilation from the photographs of preliminary base maps 
on a scale of 1:48,000 by the U. S. Geological Survey to provide control sheets for recon- 
naissance crews engaged in geologic and geophysical mapping, was followed. 

Magnetic airborne detector equipment invented for anti-submarine warfare was modi- 
fied with the result that a “flying magnetometer” capable of rapidly measuring magnetic 
anomalies was developed. This instrument, it was believed, might uncover leads which could 
be checked by detailed surveys with the gravimeter and the seismograph to delineate 
buried geologic structures favorable for drilling. 

The Navy Department, through the Office of the Director, Naval Petroleum Reserves 
and the Bureau of Yards and Docks is carrying on this important work in close liaison with 
the U. S. Geological Survey of the Department of the Interior. 

During 1946 five geological parties of the U. S. Geological Survey were engaged in 
reconnaissance work in the Reserve. This work is being done by the Survey with funds 
supplied by the Navy. Geophysical surveying with the gravimeter and seismograph, core 
hole and test well drilling, as well as all construction and transportation are performed un- 
der a civilian contract with industrial specialists in such work. 


Alaska’s only oil production, totalling 300,000 barrels, has come from the 
small Katalla field in a narrow Tertiary basin on the southeastern Alaska coast. 
Thirty-one shallow wells were drilled in the Katalla area between 1904 and 1919, 
about 14 of which produced a light grade of oil. A small refinery was built here, 
which later burned down. Farther east in the basin, in the Yakataga area, the 
General Petroleum Company drilled a 2,005-foot well in the 1920’s on a sharp 
structure near the coast. 

In the Cook Inlet-Cold Bay areas along the southwest-trending coast of the 
Alaska Peninsula, is a narrow belt of folded Jurassic and Triassic sedimentary 
rocks in which oil seepages occur. Several wells were drilled prior to the war on 
anticlines in the Cold Bay area, the deepest reaching 7,576 feet; and an 8,775-foot 
well was drillled on the Iniskin Peninsula northeast of Cold Bay. Minor showings 
of oil were reported in some of these wells. 

During the war all of the better known potentially petroliferous areas of 
Alaska were closed to exploration by Public Land Order 82. This order has been 
rescinded for all areas except northern Alaska. No petroleum exploration was 
undertaken by private industry during or since the war. It is understood that 
several companies, some of which now have holdings in Alaska are planning 
activity in the field. 


CANADA 


A number of important wildcats have been drilled in the Foothills of Alberta 
since 1940: Imperial’s Coalspur 1, Brazeau Syndicate 1, Imperial-Shell’s Stolberg 
1, Royalite’s Wildcat Hills 1, and three wells by the Shell Company on the 
Jumping Pound structure. Only the initial Shell well on the Jumping Pound 
structure is rated as a new discovery, but the third hole encountered gas and 
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water. The other wells have supplied valuable information on Foothills type 
structures, for in both the Brazeau and Stolberg wells the limestone was found in 
at least three separate blocks; this disproves any notion that, when the limestone 
is encountered, the possibility of finding additional sole-faults is eliminated. 

Wildcat drilling in the Southern Plains has uncovered three fields: Conrad, 
Taber, and West Taber, none of which can be rated as commercial. Minor dis- 
coveries in the Madison limestone have been most disappointing in the Plains, 
with almost all the wells going to water rapidly. An important development in the 
Southern Plains during 1946 was the discovery by McColl-Frontenac (Texas 
Company) of a major gas field southwest of Pakowki Lake, known as Pendant 
d’Oreille (T. 2, 3, and 4, R. 8 and g W. of 4th Meridian). The gas is found in the 
Bow Island sand of Colorado or lower Upper Cretaceous age at 2,000 feet. 

In the Northern Plains, Imperial Oil Limited, when wildcatting for oil in the 
Viking-Kinsella area, found that the gas field extended over many townships, and 
it carried out an active program to establish sufficient reserves for a Fischer- 
Tropsch plant, in case it is necessary to make synthetic gasoline through the 
failure to find new crude reserves. With a similar objective the McColl-Frontenac 
and Shell companies are, respectively, continuing exploration of gas reserves in 
the Pendant d’Oreille and Jumping Pound areas. 

Exploratory drilling in the Lloydminster area during 1946 by independent 
operators proved a large reserve of low-gravity crude. The field was extended 9 
miles northwest and about 9 miles southeast in Saskatchewan, giving an over-all 
length of 26 miles and a possible width of 3 miles or more. The main producing 
formation is soft unconsolidated sand 160 feet below the top of the Lower 
Cretaceous, but there are also other producing beds in the Lower Cretaceous. 
Production appears to be related to favorable sand conditions where these sedi- 
ments apparently drape over a terrace or fold in the Paleozoic; therefore, the 
sands are considered to be a shore-line or shoal deposit. The wells in the field 
vary considerably in production, but most of them produce 30 barrels a day or 
less. The sand is not a continuous “‘sheet sand”’ but a series of interfingering and 
overlapping lenses of large area. 

Imperial Oil, Ltd., made a minor oil discovery in the Provost area which, upon 
further exploratory drilling, was proved as a sizeable gas field in the Viking zone, 
but non-commercial as an oil field, in the uppermost part of the Lower Cretaceous. 
The trend in wildcat drilling appears to be moving farther northwest with the 
Anglo-Canadian, McColl-Frontenac, and Imperial exploring the eastern flank of 
the Alberta syncline. 

In February, 1947, Imperial’s Leduc 1, located 18 miles southwest of Edmon- 
ton, made what may develop into the most important discovery in Alberta since 
Turner Valley. The well will apparently make a good producer of 38° A.P.I. oil in 
the Devonian, which is a new producing formation in Alberta. 

During 1946 five major oil companies combined to initiate exploration of the 
“Muskeg Anticline” in the remote north-central foothills of Alberta, 205 miles 
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west of Edmonton. While regarded as promising, the operation has necessitated 
the construction of a 75-mile road from the nearest railway point to the drill site. 
Drilling depth to the Madison limestone, based on the geology of the region and 
seismograph survey, is estimated at about 10,000 feet. 

Ten geophysical crews, many geological parties, and about 60 drilling rigs 
operated in western Canada in 1946, and a million dollars a month were being 
spent on new development in the latter part of the year. 

Drilling initiated in 1942 by the Geology and Mines Branch, Department of 
Mines and Resources, north of Fort McMurray in the extensive Athabaska tar 
sands area has proved a particularly rich section of the sands estimated to contain 
about half a billion barrels of oil. The sands contain 12 to 18% of 10° A.P.I. oil by 
weight. The program of exploration is now being discontinued. It was carried on 
as a war measure. Current plans call for turning the operations back to Abasand 
Oils Ltd., who had built a small extraction and refining plant near Fort McMur- 
ray and had initiated exploitation of the sands prior to the war. 

Operations on the Canol project, begun in 1942 at Fort Norman in Northwest 
Territories where oil had been discovered by the Imperial Oil Company in 1920, 
ceased in March, 1945, after 60 commercially productive wells out of 67 holes, 4 
of them semi-exploratory, had been drilled. Nineteen other exploratory wells, 
all dry, were drilled on outlying prospects in the general region. 

Little of significance has developed during the year in the old producing fields 
of Ontario Province. In the Maritime Provinces, the Sun Oil Company’s Smith 2 
was reported drilling at 8,700 feet in the Mississippian Albert series in southern 
New Brunswick, near the area of the small Stoney Creek gas and oil field. No. 1 
was abandoned at 6,506 feet in the Mississippian Windsor Salt series. It is recalled 
that the Hillsborough well drilled in a shallow bay off Prince Edward Island was 
abandoned in 1945 at 14,630 feet in the same salt series. 

Canada’s approximately 20,000 barrels present daily production provides 
only 15% of her crude-oil requirements. About 89% of this oil comes from the 
Turner Valley field. Cumulative oil production in Canada totals about 116 million 
barrels. 


MEXICO 


Cumulative production in Mexico amounts to about 2,255,000,000 barrels. 
Daily production is around 135,000 barrels from about 4,600 wells. About 72,000 
barrels or somewhat more than half of present daily output comes from Poza 
Rica, followed by the Golden Lane (23,000 barrels), Panuco or North Fields 
(20,000 barrels), and the Isthmus of Tehuantepec (17,000 barrels), with minor 
production from other miscellaneous areas. No significant new fields have been 
found in Mexico since the discovery of Poza Rica in 1930. 

About 20 rigs were running in the latter part of 1946. An average of about 
7 of these are on exploratory work. The remainder are on development drilling. 
About 50 wells were completed during the year. Two of these wells were com- 
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pleted in the small Mission gas field in northeast Mexico. At least 6 dry or non- 
commercial wells were completed in the North Fields; about 12 producers were 
added to the productive area of Poza Rica, and about 12 producers were drilled 
in the Isthmus of Tehuantepec fields. On the Isthmus most of the drilling was 
concentrated on development of the El Plan structure where a deeper sand was 
found in 1943. About 1o other wells drilled on the Isthmus, some of them explora- 
tory, were dry. 

Exploration on which the greatest hopes for success are placed by Pemex has 
been going on in a belt lying west of the Golden Lane and trending southeastward 
toward Poza Rica. Of 6 dry holes drilled in this Southern District during the year, 
about 4 of these were located in this belt west southwest of the Golden Lane 
where an oil showing was found at Soledad a couple of years ago. Two of these 
wells, in the Castillo area midway between Soledad and Poza Rica, are reported 
to have had minor showings in the Tamabra limestone. Northwest of Soledad, at 
Tlacolula, it was recently reported that Tlacolula No. 7 encountered an en- 
couraging showing in porous limestone. The showings at Soledad, Castillo, and 
now at Tlacolula have raised hopes of another Golden Lane along this northwest- 
southeast belt west of the Golden Lane. 

About 7 wildcat rigs were running as of the close of the year. Three are re- 
ported operating on the Isthmus, 2 in the Southern District west of the Golden 
Lane, and 2 in northeast Mexico. 

It is reported that 15 geological, 3 gravity, and 6 reflection-seismograph 
parties were operating in Mexico in 1946. These crews were distributed more or 
less equally between the northeastern, Tampico embayment, and Isthmus areas. 
Pemex reports finding many structures. Exploration in Mexico has fallen short 
of that scheduled each year. Strikes, worn-out equipment, inadequate trans- 
portation, and high costs have materially retarded operations. 


GUATEMALA 
Geological exploration for oil had been going on in the northern Guatemala 

Peten basin in recent years; however, no work of this nature was carried on in 

1946. New petroleum legislation has been drawn up but not enacted into law. 


NICARAGUA 

The Gulf Oil Company and the Atlantic Refining Company were reported at 
the beginning of the year to be preparing for a second test on the east coast in a 
lagoonal area. The first well, Punta Gorda No. 1, a stratigraphic test, was 
abandoned in February, 1945, at 6,735 feet in eastern Nicaragua. Some seismo- 
graph work is reported in eastern Nicaragua in 1946. 


PANAMA 

The history of exploration for oil in Panama dates back many years, and 7 
wells have been drilled. The Sinclair drilled one well on the north coast near the 
Costa Rica border; and 2 were drilled in the adjacent area of Costa Rica. The 
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Gulf Oil Company obtained an oil showing in one of 3 wells drilled in the Gara- 
chine area of the south or Pacific coast. The Cities Service drilled 3 dry holes on 
Sinclair acreage in the Darien basin, and a well was drilled by the Carib Syndicate 
in the David area. 

During 1946 a 20-year concession to explore and produce oil in Panama was 
granted the Sinclair Panama Oil Corporation, owned jointly by the Venezuela 
Petroleum (Sinclair) and the Cities Service companies. 

Two Jersey Standard geological field parties operated during part of the year 
in Panama. 


BAHAMAS 

Exploration concessions in the Bahama Islands are held by 7 companies and 
encompass 48,000 square miles of land and shallow-water areas out to the 1o- 
fathom line. All but one of these 7 groups are active in obtaining geological and 
geophysical data. 

The Standard Oil Company (Bahamas) has been operating a gravity-meter 
party covering both land and submerged areas for more than a year. For the past 
6 months the Standard has had a land magnetometer party in the field. At the 
end of 1947 the Standard will attempt a seismograph survey. 

The Anglo-Bahamian (Anglo-Iranian) is presently operating a land gravity- 
meter party and is preparing to extend the survey into deep water. It is employing 
a surface magnetometer party and has begun experimenting with the seismo- 
graph. 

The British Bahamas Oil Development, Ltd. (Trinidad Leaseholds and South 
African Mining) is covering the land and submerged areas with a gravity-meter 
survey using tripods. 

The Bahamas Oil Company, Ltd. (Superior) is drilling on Andros Island the 
only deep test attempted in the area, after gravity-meter surveys were made last 
year and some seismograph work was done. 

The Shell group is conducting a gravity survey over its concession. 

The Bahamian Exploration Company, Ltd. (Gulf) has not been active up to 
this date but will enter into the airborne survey mentioned in the following para- 
graph. 

Several companies holding concessions in the Bahamas will participate in a 
joint airborne magnetometer survey. This survey will commence in March, 1947, 
and will cover the entire concession area and the included ocean deeps amounting 
to approximately 80,000 square miles. 


CUBA 

Cuban production approximates about 550 barrels of oil daily from more than 
200 wells. Of this, about 300 barrels of 45° A.P.I. oil is produced daily in the 
Jarahueco area and 200 barrels of 60° A.P.I. oil in the Motembo field. The oil 
comes from serpentine rock. Cumulative production of oil in Cuba approximates 
a half-million barrels. 
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During the year geological and geophysical exploration work was carried on in 
4 different regions by the Standard Oil Company of Cuba: the Pinar basin of 
western Cuba (in cooperation with Atlantic), the Matanzas graben of south- 
central Cuba, the Matanzas serpentine belt of north-central Cuba, and the Cauto 
basin of eastern Cuba. The Shell-operated Estrella Company, in Cooperation with 
Atlantic Refining, is actively exploring on the north coast of Cuba, having drilled 
one deep well during 1946 and started another before the end of the year. 

In the Matanzas serpentine area one well was drilled and abandoned after a 
showing of oil had been found in the serpentine at a depth of 1,200 feet. 


HAITI 

In the Republic of Haiti, where exploration has been carried on for a number 
of years by the Atlantic Refining Company, a test is being drilled on a structure 
near Port au Prince that had been core-drilled during the year. Two other wells 
were drilled in earlier years. 


SANTO DOMINGO 

Exploration work carried on for 6 years in the Dominican Republic by the 
Dominican Seaboard, was continued during 1946. This company drilled 15 wells 
in the 6-year period. 

In 1946, in addition to some surface geology, seismograph work was done in 
the Lago Enriquillo, Azua, and Cibao basins, located respectively in the south- 
western, south-central, and northern parts of the Republic. A well was drilled and 
abandoned at 8,769 feet on an anticline in the Enriquillo basin after drilling 
through a thick salt section. 

On the Maleno structure in the Azua basin, where a little oil was discovered in 
earlier wells, Maleno No. 7 is being drilled in what may be a final attempt to de- 
velop commercial production in this area. 


TRINIDAD 

Cumulative production of oil in Trinidad is about 328.4 million barrels. Pro- 
duction in 1946 ran at the rate of about 55,000 barrels daily from approximately 
1,750 wells. Most of the production is from two main Miocene sands, but an in- 
creasing amount is coming from the Oligocene. All of the fields Jie in the southern 
basin. Most of the fields are in the western part of this basin and about half of the 
daily yield is now coming from Forest Reserve field. 

Additions to production in recent years have been largely from step-outs and 
field extensions. It is reported that about 23 rigs are running in Trinidad, about 8 
of which are on exploratory drilling. Exploration has been spreading eastward 
over the southern basin in recent years. The Oligocene and deeper formations, 
down to include the Cretaceous, may contain additional reserves. 

The Government has recently granted concessions for offshore drilling around 
the Gulf of Paria out to the 3-mile limit. Venezuela and Trinidad have established 
by treaty a common boundary across the Gulf of Paria. It may eventually develop 
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that these two countries will arrange to permit exploration of the entire Gulf, 
which separates their producing basins. 


VENEZUELA 

Venezuela with a cumulative production of more than 3,600 million barrels of 
oil ranks third after the United States and Russia in cumulative production. 
With an average daily output of 1,064,900 barrels of oil in 1946, Venezuela ranked 
second to the United States (4,747,000 barrels) and outranked Russia (450,000 
barrels daily). Venezuela consumes only about 3 per cent of her total current 
production. Venezuela’s 1946 production increased about 20.5% over 1945. 
About 82% of the cumulative and 69% of the 1946 daily output was from the 
western Venezuela fields; the balance was from eastern Venezuela. The Bolivar 
coastal fields contributed about 82% of the cumulative for western Venezuela and 
67% of the country’s total. In 1946 these Lake fields produced about 58% of the 
total Venezuelan output for the year. Nearly all of Venezuela’s oil is produced 


TABLE I 
Year Oil Gas Dry Total 
1940 6 — 12 18 
1941 3 = 3 6 
1942 6 — 4 10 
1943 5 I 12 18 
1944 6 _— 4 10 
1945 9 21 30 
1946 Io 4 64 78 


from Tertiary formations. However, recent discoveries in the Cretaceous west of 
Lake Maracaibo may develop considerable importance. 

During 1946 exploratory activity was concentrated to a large extent in 
evaluating large tracts of exploration-exploitation concessions which were 
granted by the Government during 1944 and 1945. These concessions, which total 
5,131,788 hectares (12,681,000 acres), must be converted to exploitation conces- 
sions in 1947 and 1948 at which time at least 50% of the total area must be 
turned back to the Government as National Reserves. 

Table I shows total new-field wildcat well completions from 1940 to 1946. 

The large increase in wildcat drilling beginning in 1945 is due both to the end 
of the war and to the granting by the Venezuelan Government of large blocks of 
exploration concessions which must be evaluated for parcellation and return to 
the Government of at least 50% of the area within 3 years. This period also 
coincided with the active entry in Venezuela of several new companies. 

The unusually high success ratio from 1941 to 1945 was due primarily to 
exploratory drilling having been confined to only the best prospects. The decrease 
in the success ratio in 1946 results from extensive drilling for stratigraphic and 
structural control on exploration concessions where chances of success were far 


below average. 
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Of the 78 wildcat wells completed during 1946, 49%, or 38 wells, were located 
on exploration-exploitation concessions. All of these wells were unsuccessful. Of 
the 40 new field wildcats drilled during the year on exploitation concessions, 10 
(or 25%) were successful completions. 

From present indications wildcat drilling in 1947 will proceed at approxi- 
mately the same rate as in 1946. During the latter part of 1947, when most of the 
exploration concessions are due for parcellation, fewer wells will be drilled for 
stratigraphic and structural control and an increase in the success ratio should 
follow. 

Table II shows the geological and geophysical survey activity in Venezuela 
during 1946 in party months by states. Approximately two-thirds of this survey 
activity was concentrated on evaluating exploration concessions. A trend towards 
more comprehensive knowledge of basin structure and stratigraphy is indicated 
by an intensification of geological surveying of mountainous areas bordering the 
three principal basins of Venezuela. Geological and geophysical activity during 
1947 Should continue at approximately the same rate as during 1946. 


TABLE II 


SuMMARY OF GEOLOGICAL AND GEOPHYSICAL SURVEYS IN VENEZUELA, 1946 
PARTY MONTHS 


Geological Seismo- Gravity Magne- Core Total 
Parties graph Meter tometer Drill 

Anzoategui 41 65 25 2 45 178 

Apure 15 3 18 
Aragua 5 4-5 9.5 

Barinas 3 38 2 _- _ 43 

Delta Amacuro 12 8 20 

Guarico 52 102 36 9 I 200 
Monagas 18 36 15.5 _ 2 71.5 

Sicre 3 I 4 
Trujillo 8 8 8.5 24.5 

Zulia 48 60.5 42.5 -- I 152 

Total 341 147-5, 14 49 743 


Table III shows all fields discovered in Venezuela to December, 1946, together 
with names of operators, discovery dates, and methods credited with each dis- 
covery. 

From the table of discovery data it will be seen that, for more than a decade 
exploration has been largely concentrated in Eastern Venezuela. Of the 22 fields 
listed in the west, only two, Mara (1945) and West Tarra (1946), were discovered 
within the past decade; whereas of the 4o fields discovered to date in Eastern 
Venezuela, 34 or all but 6, were discovered in the period 1937-1946. 

Outstanding exploration successes in the year 1946 were as follows. In the 
state of Monagas, Eastern Venezuela, one of the most important discoveries was 
that of Mata Grande or West Sta. Barbara on the greater Jusepin trend. De- 
velopment here has been rapid. The Travieso field, which first produced in 1946 
southwest of the Sta. Barbara, is also being developed. Creole is continuing 
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TABLE III 
Discovery Data, VENEZUELAN FIELDs 
a Operator Pb Methods of Discovery 
WESTERN VENEZUELA 
ZULIA 
; Bolivar Coastal field Creole-Meneg-Shell 1917 Drilling near surface indications of oil 
Mene Grande Shell IQ14 Drilling near surface indicaticns of oi] 
Los Barrosos Creole 1922 Drilling near surface indications of oil 
Misoa Creole 1921 Drilling near surface indications of oi] and surface geology 
Concepcion Shell 1925 Surface geology 
Paz Shell 1925 Surface geology 
Los Manueles Shell 1927 Surface geology 
Rio de Oro Shell IQs Drilling near surface indications of oil 
Tarra Shell 1916 Drilling near surface indications of oil 
West Tarra Shell 1946 Surface geology 
Totumo Ven. Govt. 1914 Surface geology? 
ana Guasare Oil Co. 1928 Surface geology? 
Netick Orinoco Oil Co. 19290 ~=—- Surface geology 
Mara Shell 1045 Seismograph and structural core drill 
Fatcon AREA 
Cumarebo Creole 1931 Surface geology 
Mene de Acosta North Ven. Pet. 1927 Surface geology 
Mene de Mauroa British Cont. Oilfields 1921 Surface geclogy 
E] Mamon Coro Pet. Co. 1928 Surface geology 
Las Palmas Creole 1928 Surface geology 
Monte Claro Creole 1926 Surface geology 
Hombre Pintado British Cont. Oilfields 1927 Surface geology 
Media British Cont. Oilfields 1929 ~— Surface geology 
EASTERN VENEZUELA 
NorTHERN Monacas AREA 
Pedernales Creole 1933 Drilling on surface indications of oil 
Guanoco Bermudez 1913 Drilling on surface indications of oil 
= Creole 1928 Drilling on surface indications of oil 
rocual Creole 1033 Drilling on surface indications of oil 
Jusepin Creole 1938 Seismograph and regional geology 
Mulata Creole 1941 Subsurface geology 
Sta. Barbara-Muri- —_- Consolidada-Meneg- 
Travieso-Avipa Atlantic 1941 Subsurface geology 
West Travieso Phillips-Meneg 1946 Seismograph core drill and subsurface geology 
Capacho Creole 1945 Seismograph core drill and subsurface geology 
SouTHERN MonacGas AREA 
Temblador Creole 1936 Seismograph 
Pilon Creole 1936 Seismograph 
Uracoa | Creole 1037 Seismograph 
Los Caritos Texas 1940 Seismograph 
Tucupita Texas 1945  Seismograph 
NorTHERN ANZOATEGUI AREA 
La Ceiba Meneg 1046 Surface geology and seismograph 
Sta. Rosa Meneg 1941 Surface geology and seismograph 
San Joaquin-Guario Creole-Socony 1940 — Surface geology and seismograph 
E] Roble Creole 1939 Surface geology and seismograph 
Santa Ana-Rincon Meneg-Texas 1037 Surface geology 
Quiamare Meneg 1942 Surface geology 
SoUTHERN ANZOATEGUI AREA 
Caico Seco Meneg 1946 Seismograph and core drilling 
West Nipa Meneg-Socony 1945 Seismograph and core drilling 
East Nipa eneg 1946 Seismograrph and core drilling 
-4 Meneg-Socony 1946 Seismograph and core drilling 
West Guico Socony 1946 Seismograph and core drilling 
West Guara Meneg-Socony 1941 Seismograph and core drilling 
East Guara Meneg 1942 Seismograph and core drilling 
OS-31 Meneg 1946 Seismograph adn core drilling 
OG-202 Meneg 1941 Seismograph and core drilling 
Oficina Meneg 1037 Seismograph Ae 
Aventazon Meneg 1942 Seismograph and core drilling 
Yopales Meneg 1937 Seismograph and core drilling 
Socororo Creole 1940 Seismograph and surface geology 
Leona Meneg 1938 Seismograph and surface geology 
Pelayo Atlantic 1946 Seismograph and gravity meter 
Areo-Merey Meneg 1937 Seismograph 
Guarico AREA 
Las Ollas Creole 1942 Seismograph 
s Mercedes Texas 1042 Seismograph and surface geology 
Grico Texas 1946  Seismograph 
Tucupido Atlantic 1946 Seismograph 
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exploratory drilling of the area between Jusepin and Quiriquire. About 20 ex- 
ploratory wells were drilled in Monagas during the year and about 6 others were 
drilling at the end of the year. 

Of 11 wells drilled in Anzoategui in 1946, 5 discoveries were made, including 
the Nipa field which was found around the close of 1945, about 20 kilometers 
north of Oficina. Other discoveries include Meneg’s GM-4 (South Guico), 10 
kilometers north of Oficina; Caico Seco, 30 kilometers northwest of Oficina; 
Pelayo on the Oficina-Guara-Leona trend; and La Ceiba, 35 kilometers east of 
San Mateo. The Texas Company’s Tucupito field in Delta Amacura, discovered 
in 1945, started shipping oil in 1946. 

In the state of Guarico there was considerable activity in all phases of geologi- 
cal, geophysical, and drilling exploration. About 19 wells were drilled, resulting in 
3 discoveries. About to wells were drilling at the close of the year. The Texas 
Company discovered the Las Mercedes field in 1942, since which the field has been 
considerably extended by drilling. This oil is awaiting pipeline connection north- 
eastward to the coast. During 1946, The Texas Company made a discovery at 
Grico, 40 kilometers west of Mercedes field, and the Atlantic discovered the 
Tucupido field on Pantepec acreage about 65 kilometers northeast of Mercedes. 

In the state of Zulia, western Venezuela, a probably important discovery is 
that of the Colon Development Company (Shell) at West Tarra in the district of 
Colon southwest of the lake. Oil was discovered here in late 1946 in the Cretaceous 
wherein production is also obtained in the Barco Concession of Colombia farther 
southward in the same basin. The older fields in the Colon district (Tarra, Rio de 
Oro, et cetera) produce from the Eocene, which is also productive in the Barco. 
The developments at West Tarra, together with the discovery in 1945 of high 
yields in fractured limestones of the Cretaceous by deeper drilling on the old 
La Paz field southwest of Maracaibo, and again at Mara in the same year, has 
aroused considerable interest in Cretaceous prospects in the western Maracaibo 
basin area. 

About 18 kilometers east of Lake Maracaibo, Shell’s Curacao 2a had reached 
a depth of 15,100 feet, where it was bottomed in the Eocene around the close of 
the year. This is the deepest well drilled in South America. Among other tests of 
interest is one being drilled by the Creole for the Shell in 90 feet of water in the 
northwestern part of the lake at a point about 7 kilometers out from the produc- 
tive limits of the Lake field of Tia Juana. 

More than 5 million concession acres are held in the Apure, Barinas, and 
Tachira areas of the southwest Venezuela basin, sometimes referred to as the 
Apure basin. The main reason for delay in exploring this basin seems to be its 
relative inaccessibility. The Socony-Vacuum is the principal operator active here. 
Three dry holes were completed in 1946 and another well was drilling at the close 
of the year. 
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COLOMBIA 

Cumulative oil production in Colombia totals about 388 million barrels. 1946 
production was at the rate of around 64,276 barrels daily. About 85% of the 
current production is coming from the Magdalena Valley and the remainder from 
the Barco area. At present the most important producing fields are La Cira, 
Casabe, La Petroleo, Infantas, and Tibu in approximately the order named. The 
first two and the fourth are in the Magdalena Valley; the other two are Barco fields. 
Fields found from 1940 on are: Tibu, 1940; Casabe, 1941; Cantagallo, Floresanto 
and El Dificil in 1943; Galan, 1945; and Velasquez in 1946. Of these fields, Tibu 
is in the Barco; Casabe, Cantagallo, Calan, and Velasquez are in the middle 
Magdalena Valley; Floresanto lies in the Sinu Valley in the western part of the 
north coastal basin; and El Dificil is in the lower Magdalena part of the coastal 
basin. 

After the end of the European conflict in 1945, exploration activities in 
Colombia were considerably accelerated by expectation of new and more favor- 
able petroleum legislation in the near future. Due to growing uncertainties atout 
the terms on which new concessions would be granted, the activity in 1946 was 
not markedly greater than in the previous year, and some operators were curtail- 
ing expenditures. 

During 1946, the principal companies engaged in exploration work were: the 
Gulf, Richmond, Shell, Socony, Texas, and Tropical. Geological work was carried 
out by one or more companies in nearly every one of the important sedimentary 
basins, including the Magdalena River Valley, the Barco sector of the Lake 
Maracaibo basin, the Caribbean coastal region, the Llanos plains east of the 
Andes, the Caqueta-Putumayo region along the Peruvian frontier and the Pacific 
Coast basin. Geophysical work during the year was confined to the first five re- 
gions mentioned, a large proportion of which was in the Magdalena Valley and 
the Llanos plains area. In December, 1946, it was estimated that 25-30 geological, 
1o seismograph, and 8 gravity-meter parties were in operation by the industry. 

Each of the six principal operating companies were drilling on 2 or more wild- 
cats in 1946. Out of approximately 16 important wildcats terminated during the 
year, only one, The Texas Company’s Velasquez 1, in the middle section of the 
Magdalena Valley, was a discovery well. 

In the southwestern part of the Llanos, the Shell has completed 5 tests at 
Chafurray and has started a third test at San Martin, which was drilling ahead at 
6,306 feet at the end of the year. About 150 kilometers northeast of San Martin, 
the Tropical Oil Company has recently started an exploratory test near the Meta 
River. 

Tropical Oil Company completed 5 producers and abandoned 2 wells on the 
Colorado structure; it also completed 52 producers of various sizes in the In- 
fantas-La Cira area of the De Mares Concession in the Middle Magdalena Valley, 
making an average daily production on the concession of 35,760 barrels, a de- 
crease of 16.7% from last year. The Shell Company completed 7 new wells, 4 of 
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which were producers, on its Dificil structure, located in the Lower Magdalena or 
Caribbean coastal region. The Dificil field is still closed in because of lack of pipe- 
line facilities. In the Casabe field, in the Middle Magdalena Valley, it completed 
17 producers with no dry holes, the daily production rate having reached by the 
end of the year a figure of 12,500 barrels. In the Barco Concession, the Colombian 
Petroleum Company completed g producers and 1 dry hole in its Tibu area; 4 
other wells were being tested at the end of the year. The gross production for the 
Barco Concession during 1946 was 6,198,175 barrels, an increase of 658,000 barrels 
over the previous year. 


ECUADOR 


During 1946 the International Ecuadorean Petroleum Company practically 
completed its extensive search for oil in the Pacific slope sector of Ecuador. 
Geological and geophysical activities were carried on in the northerr, southern, 
and west central portions of this region. Two wildcats were completed in the 
north, 1 in the west along the coast, and 3 in the southern basin, south and west 
of Guayaquil, 1 of which reached a depth of 13,206 feet; all 6 tests were dry. At 
the end of the year the I.E.P.C. had started its twentieth and last wildcat well in 
the west-central part of the country and had terminated all other exploration 
activities. 

The Shell Company has a concession of 25,000,000 acres east of the Andes 
Mountains in Ecuador and carried on geological field work on a limited scale and 
a geophysical survey which included two seismic parties at the close of the year. 
They completed one wildcat as a dry hole and started another during 1946. 

Production on the Santa Elena Peninsula was about 6,500 barrels per day at 
the end of the year, about three-fourths of which.was from the Ancon field. Ten 
wells were completed as small producers in 1946. Cumulative production to the 
end of 1946, all from the Santa Elena Peninsula, was about 38.9 million barrels. 


PERU 


Peruvian production began humbly back in 1860, has been continuous since 
1884, and increased steadily from the latter date to a peak of about 48,000 
barrels daily in 1936, and has since declined to a daily yield of about 34,150 bbls. 
in 1946. Current production is approximately distributed as follows: La Brea y 
Parinas Estate, 84.5%; Lobitos area, 13%; Zorritos area, 1%; Agua Caliente, 
1.5%. The first three producing areas lie along the coast of northwest Peru; the 
Agua Caliente field was discovered in the large basin east of the Andes in 1939. 
Peru has produced a total of about 343,350,000 barrels to the end of 1946. 

Anticipating the passage of legislation which would permit exploration and 
exploitation operations on the east side of the Andes in Peru, several major com- 
panies started preliminary geological studies of that region in 1945 and 1946. The 
Shell, Socony, and International Petroleum Company each had several geological 
parties in the field during the 1946 field season. Because of the high exploration 
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costs and the realization that development expenditures will be on a stupendous 
scale, it is probable that interest in this region will shortly decrease unless en- 
couraging legislation is enacted soon. 

One small field on the Agua Caliente structure of the Cia. Ganzo Azul is now 
producing on the east side of the Andes. Discovered in 1938, 9 wells have been 
drilled, the last producer being completed in 1946. Drilling had been suspended 
from 1941 to 1946. A 5o0o-barrel-capacity skimming plant processes this 44° 
A.P.I. crude for the local market. Since the market for the oil is confined entirely 
to the sparsely populated region drained by. the headwaters of the Amazon, pro- 
duction has been limited to about 400 barrels per day. The field is reported to 
have a potential of about 1,800 barrels daily. It is located near the Ucayali River 
at about 9° S. Lat. 

During the latter part of 1946, 2 wildcat wells were in process of drilling or 
preparation to drill in eastern Peru. Both of these are located on the Ucayali 
tributary of the Amazon River at about 7° S. Lat., one being drilled by the Peru- 
vian Government and the other by a Peruvian private company. 

On the Pacific Ocean side of the Andes the exploration activities were confined 
to wildcat wells in the vicinity of the producing fields, in northwestern Peru. The 
International Petroleum Company drilled 94 wells during the year, of which 29 
were substantially wildcats. Of the total of 94 wells completed on the La Brea- 
Parinas Estate, 55 produced oil and 3 produced gas, with 36 dry holes. At the 
end of the year 10 exploration and 12 development wells were being drilled and 
1 well was being carried deeper. ; 

The Lobitos and El Alto oil fields of the Compania Petrolera Lobitos are 
immediately north of the La Brea-Parinas Estate. During 1946 there were 
87,206 feet of hole drilled and 35 wells completed, all of which were producers. 
Production is maintained between 6,000 and 7,000 barrels per day. 

The Zorritos property was operated privately until 1930 when it was pur- 
chased by the Peruvian Government. Production has been about 380 barrels 
daily. There have been no reports of new developments covering operations in 
this area for 1946. 


CHILE 

The major oil prospects of Chile are in the Magallanes area at the southern 
end of the country. It is here that most of the exploration activity in Chile has 
been carried on periodically in the past 20 years. Previous to recent. years about 
8 relatively shallow wildcat wells had been drilled in or close to the foothills belt 
on Brunswick Peninsula and Isla Riesco without obtaining more than minor oil 
or gas showings. 

Several years ago geological work was initiated for the account of the govern- 
ment by Glen Ruby and has been continued by the United Engineering Corpo- 
ration, S.A., and the United Geophysical Corporation, S.A. A field discovery was 
made in 1945 by the first well drilled on the Springhill seismograph structure in 
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the northern plains of the Island of Tierra del Fuego near the Straits of Magellan. 

The discovery well at Springhill has been estimated at about 700 barrels per 
day on a }-inch choke. The oil is of 39° A.P.I. gravity. No. 2, a dry hole was drilled 
down on the nose of the structure. No. 3, which was higher structurally than 
No. 2, came in as a gas and oil well. No. 4, recently completed as a dry hole, ap- 
pears to have been drilled off structure. Considerable drilling will probably be 
needed to fully determine the nature of the structure and the size of the pool. 

This southern basin of Chile and adjoining parts has a maximum of 15,000- 
20,000 feet of Upper Cretaceous, about 12,000 feet of Lower Cretaceous, probably 
Upper Jurassic and a variable thickness of Tertiary. The oil at Springhill occurs in 
a sand which lies in beds of as yet undetermined age beneath an unconformity 
overlapped by Lower Cretaceous. 

Three geologists, a paleontologist and a seismograph crew were working in the 
Magallanes basin in 1946. It is reported that two more rotary rigs have been 
ordered. A string of cable tools is engaged in drilling foothills structures. Four 
wells have been drilled on such structures during the recent years, so far without 
result. There are considerable thickness and facies changes between the foothills 
and the plains. 


ARGENTINA 


Argentina’s cumulative production amounts to about 364 million barrels. 
Daily average production has been running at about 57,000 barrels from ap- 
proximately 3,600 wells. The production is equivalent to about three-fifths of the 
country’s consumption. Of this daily yield about 69% is Upper Cretaceous pro- 
duction from the Comodora Rivadavia district of southern Argentina; 15% is 
late Triassic oil from the North Mendoza basin of west central Argentina; 10% 
is Jurassic production from the Plaza Huincul area of the Neuquen basin, also 
in west-central Argentina, south of Mendoza; and 6% is largely from Permo- 
Carboniferous sedimentary rocks in the Salta foothills area of northern Argentina. 

About 65% of the oil production comes from the Government-owned fields 
operated by the Yacimientos Petroliferos Fiscales. For many years expansion by 
private companies has been practically impossible due to government restrictions 
on acreage acquisition, et cetera. 

Due largely to lack of materials during the war, wildcatting in Argentina has 
decreased from about go wells drilled in 1940 to 17 in 1945 and an estimated 12 
in 1946. Most of the wildcats in recent years were located in the Comodoro, 
Nequen, and Mendoza areas. However, there has been some exploratory drilling 
in the Chaco and Salta areas of north Argentina and in the Santa Cruz basin of 
southern Patagonia. A number of structures have been outlined during the war 
years, and as materials are available these will be tested. It is anticipated that 
the annual number of wildcats drilled will have increased to about 60 by 1950. 

No new fields were discovered in the past 2 years. In 1943 the major Challaco 
field was discovered east of Plaza Huincul in the Neuquen basin and another 
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minor field was found in the same basin in that year. In 1944 a major field was 
found at Caleta Olivia near the coast in the southern part of the Comodoro basin, 
and a small field was discovered in the same year at Punta Piedras in the Como- 
doro basin. 


BOLIVIA 


Cumulative oil production in Bolivia amounts to about 3,480,000 barrels. 
Daily production comes from 25 wells and now amounts to about 1,000 barrels, 
approximately one-third of which comes from each of the Camiri, Sanandita, 
and Bermejo fields in the eastern Bolivian foothills. Oil from the last two named 
fields is largely exported to Argentina. 

The Bolivian Government owns the industry. Its operating organization, 
Yacimientos Petroliferos Fiscales Bolivianos, is reported to plan exploratory drill- 
ing on the Guariri and Mandiapecua areas previously explored by private capital. 
If results are disappointing it is reported that further drilling of exploitation wells 
will be done on the less accessible Camatindi structure, which was also drilled 
and found oil-bearing by private capital prior to expropriation. All these areas 
lie in the eastern Bolivian foothills of the Andes. 

Plans were announced for the building of a 6-inch pipe line from the Camiri 
area 255 miles westward toward the center of population around Cochabamba, 
and also for the expansion of refining capacity along with that of production. To 
provide adequate production to support the pipe line and also to provide funds 
for an industry that has long been operating at a deficit, Y.P.F.B. contracted in 
in March to drill 50 wells on the Camiri structure. 


PARAGUAY 


Exploration for oil in Paraguay had received little active attention prior to 
that of the Union Oil Company of California, which several years ago acquired a 
concession to explore for petroleum in an area of about 23 million acres in the 
Paraguayan Chaco. The Chaco of Paraguay is a largely brush-covered plains 
area which spreads westward from the Paraguay River toward the Andean foot- 
hills, and under which Paleozoic formations lie beneath a cover of younger, largely 
continental sedimentary rocks. 

The first test well and, incidentally, the first well drilled for oil in Paraguay 
was drilled to the total depth of 7,579 feet. It was located in the southwestern 
part of the Paraguayan Chaco at a water hole called Santa Rosa, about 40 miles 
from the Bolivian border and 255 miles west of Puerto Casado on the Rio 
Paraguay. No showings of oil were encountered, but the well served its purpose 
in supplying information on the section. 

Location for a second well will be announced soon, based on results of geo- 
physical studies. Future plans call for the continuation of geophysical work by 
two or more seismic crews, and the drilling of additional test wells in widely 
scattered parts of the Chaco. 
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BRAZIL 


Brazil covers about 47% of the South American continent. Her annual petro- 
leum requirements approximate 1o million barrels, nearly all of which is imported. 
Potential crude production of about 3,000-4,000 barrels daily is all developed on 
several small structures in the small Bahia basin on the east coast. Actual pro- 
duction during 1946 averaged about 200 barrels daily, as most of the wells are 
shut in due to lack of refining capacity. Cumulative production amounts to about 
258,000 barrels. 

About 86 wells have been drilled in the Bahia graben basin since oil was first 
discovered there in 1939. Of these wells about 30 are classed as oil wells and 14 
as gas wells. 

The Bahia basin has a maximum of about 10,000 feet of sediments ranging 
in age from Tertiary to Lower Cretaceous or possibly Upper Jurassic age. The 
oil occurs in Cretaceous sands in faulted structures. 

Most of the potential production is represented by 3 wells completed in 1946 
on the Candeias structure where production is spotted. Other fields include: 
Lobato-Joanes, where 5 producers out of 17 wells drilled have a potential of 85 
barrels; Itaperica, in the bay on the north end of an island of the same name, 
where g oil and 7 gas wells out of 24 wells drilled have a potential of several 
hundred barrels; and Aratu, where, out of 13 wells drilled, 2 are classed as small 
oil wells and 7 as gas wells. Tests have been drilled on several other struc- 
tures. It is reported that about 7 rigs are operating in the Bahia area. 

The geological work in the Bahia region is being directed by the firm of De 
Golyer and MacNaughton and drilling is under contract to J.E. Brantly’s Drilling 
and Exploration Company. The United Geophysical Corporation reports that 
one of their seismograph crews has started a survey in the state of Parana in the 
large basin of the same name in South Brazil, and another crew has commenced 
seismograph work on the large island of Marajo at the mouth of the Amazon. 

Study of structure from aerial photographs taken during the war over the 
Piauhy-Maranhao basin of northeast Brazil is reported. The sediments of this 
area have been generally considered to be mainly continental in facies, though the 
recent discovery here of a Devonian marine fauna is of paleogeographic and strati- 
graphic interest. 

All work carried on in Brazil is for the account of the Government under the 
supervision of the National Petroleum Council. A newly revised Brazilian Con- 
stitution was approved in September which now enables the enactment of legis- 
lation permitting foreign capital to participate in Brazilian companies; but a new 
Petroleum Law has not yet been promulgated. 


EASTERN HEMISPHERE 

GREAT BRITAIN 
Cumulative oil production in the British Isles totals about 3,500,000 barrels. 

Current production is 1,200 barrels daily from about 235 wells in 6 fields, principal 
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of which are Eakring with its Dukes Wood extension, and Kelham and Caunton, 
also in the Eakring area of Nottinghamshire in the Midlands. The oil in all fields 
comes from the Millstone Grit of Bendian or Pottsville age, except for the small 
Formby field in Lancashire on the northwest coast where the small production 
comes from the upper Triassic. A minor amount of oil is being produced from a 
structure drilled in Midlothian, southeastern Scotland. 

Some drilling for oil had been done in England as early as the first World War. 
A small showing was obtained in a well drilled at Hardstoft in the Midlands in 
1918. Search on an extensive and systematic basis really began in 1934 with the 
passing of the Petroleum Production Act of that year. The D’Arcy Exploration 
(Anglo-Iranian), Anglo-American Oil Company (New Jersey Standard group), 
Gulf Exploration (Britain) and Steel Brothers and Company, Ltd. were the most 
active operators. Since 1941 only the two first-named operators continued the 
search. The main areas of activity were southern England and, later, northern 
England and southeast Scotland and the English Midlands. 

Eakring was discovered in 1939 as a result of combined geological and seismic 
surveys. As a result of geophysical surveys, Kelham Hills was discovered in 1940, 
and Caunton and Dukes Wood in 1943. Formby was found by drilling on surface 
seepages. The small Midlothian field in Scotland was discovered by drilling on 
a surface structure in 1937. Search has been carried on actively through 1945 and 
1946. Six holes were drilled in 1946 in Midlothian, Scotland, Yorkshire, Notting- 
hamshire, Dorsetshire, and Lincolnshire. Seismic and gravity surveys were also 
continued during the year in these and other areas of north England. In 1946 
interest in south England: was again renewed by filings on prospective licenses 
over the Salisbury Plain and Isle of Wight, and by the carrying on of geological 
and geophysical work. Interest in south England was largely centered on the Mes- 
ozoic, that of north England on the Carboniferous. 


FRANCE 


Cumulative oil production in France, amounting to more than 14 million 
barrels, has almost entirely come from the Pechelbronn area in Alsace in the 
Rhine graben discovered in 1882. Production prior to the war of about 1,350 
barrels daily is reported to have declined to about 1,100 barrels in 1946. 

While the French Government had participated in the search for oil in her 
territories of North Africa and elsewhere little attention had been given to the 
homeland. In 1937 a government petroleum research department was created for 
oil exploration in France. Two tests in the Aquitaine (Bordeaux) basin of southern 
France at the north foot of the Pyrenees resulted in the discovery of gas in the 
Cretaceous at St. Marcet in 1939 and some oil in Jurassic limestone in 1940. 
This field was developed by a 100% Government-owned company (Regie Auto- 
nome des Petroles). At the end of 1946 it had 6 producing and 5 shut-in gas wells, 
1 oil well producing 18 barrels per day, and 1 well drilling. Gas production was 
1o million cubic feet daily. Drilling along the trend southeast shows indications 
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of bringing in another gas field. Drilling on other folds is in progress. Altogether, 
5 rigs were in operation near the end of the year on the 495,000 acre concession 
of Regie Autonome. 

Two other Government-sponsored companies with some private capital have 
large concessions in the same basin. The Societe Nationale des Petroles d’Aqui- 
taine (SNPA) holds nearly 6 million acres in a block surrounding the Regie 
Autonome concession. The block extends about 60 miles northward from the front 
of the Pyrenees and about 190 miles eastward from the Atlantic coast. A second 
company, the Societe Nationale des Petroles du Languedoc Mediterranee 
(SNPLM), holds a concession of about 2 million acres along the Mediterranean 
in the Montpellier area. 

Neither of these companies has developed any production to date, but they 
are actively exploring their concessions by geology, geophysics, and core drilling. 
In addition, at the close of 1946, SNPA had 4 deep tests drilling, and SNPLM was 
drilling 3 deep and 2 shallow tests. 

The old producing field at Gabian, north of Beziers lies in the SNPLM con- 
cession. Fifteen shallow wells were at one time productive on this field from the 
Triassic. At present only 5 wells are producing a monthly total of go barrels. 
This field has produced 186,250 barrels in 20 years. 


NETHERLANDS 


Though traces of oil were observed in borings in eastern Netherlands in the 
early 1920’s little attention was given to them until exploration was started in 
north Germany in 1930. From 1930 to 1939, or prior to World War II, 12 shallow 
exploration wells were drilled in the northern and eastern part of the Netherlands. 
While no oil was found, these wells gave considerable data on the subsurface 
complexities of structure and overlap in a section whose main prospects are in the 
Mesozoic and Permian. 

After their occupation in May, 1940, the Germans showed an interest in 
finding oil because of showings obtained in Germany on a structure that contin- 
ued across the frontier into the Netherlands. Also by 1943, two small oil fields had 
been developed on the German side. By the close of the war, the Germans had 
covered a large area in the Netherlands with gravity and seismograph surveys. 

In 1943 oil was discovered in the Netherlands at Coevorden in the Valendis 
(early Cretaceous) and in the Lias. Development proceeded and production in- 
creased from 1,400 barrels in 1943 to 41,000 barrels in 1945. Production in the 
Coevorden field is currently about 2,500 barrels daily. Cumulative oil production 
has attained about 480,000 barrels. Gravity parties and a core rig were at work 
at the beginning of 1947, but no exploratory work was in progress. 


GERMANY 


There has been an over-all rather gradual increase in German oil production 
since its very humble beginning in 1874, with the most rapid increase taking place 
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in the 1930’s. In a review of the development of the German oil industry, four 
phases stand out. 

1. From first production in 1874 to 1930 only 5 fields existed and the daily 
rate did not exceed 2,000 barrels. 

2. In 1934 the industry was stimulated in preparation for war, by nationali- 
zation of lands to facilitate the granting of concessions, and by subsidized explora- 
tory drilling. The percentage of wildcat wells increased from 35% of total drilling 
in 1933 to 54% in 1937. In 1935 many new fields began coming in, and the 
over-all production rate increased. 

3. In 1939, after about 10 new fields had been found, rigs were pulled off 
exploratory drilling and placed in the proved fields so as to further increase 
production. This went well for 1940, the peak year of 20,300 barrels per day aver- 
age, but the next 2 years showed decreases and some fields were obviously gutted. 

4. In an attempt to keep production to the former level, more rational pro- 
duction methods were practiced between 1943 and 1945. 

Cumulative production amounts to about 85 million barrels. Production in 
1946 was at a daily rate of about 12,500 barrels. 

Oil-finding in Germany shows a poor record because of low discovery rate 
and small finds, generally averaging less than 1,000,000 barrels ultimate. Of the 
goo exploration wells drilled during the period of subsidy (1934-1945), only 23, 
or 2.5%, of them were discoveries. During the time of actual war (1939-1945) 
there were 421 exploratory wells and 10 (2.4%) discoveries. 

Close to 65% of Germany’s cumulative production was obtained since 1935. 
During this period about 28 oil fields were discovered. About half of these fields 
are in the central Hannover area or region of the old Nienhagen field. Though 11 
fields were discovered since 1940 production declined to about 10,500 barrels daily 
in 1945. Most of this decrease appears to have been the result of aerial bombing 
and poor production practices. 

Nearly all of German production has come from Lower Cretaceous and Juras- 
sic formations on the flanks of broken salt structures in northwest Germany. 
Reitbrook, discovered in 1937 in the Hamburg area, is the only important field 
found on the many deeper domes explored. 

No important additional discoveries have been made in the Zechstein (Per- 
mian) dolomites in the Thuringian basin since the discovery of Volkenrode, in 
1930. However, in Schleswig-Holstein near the Danish border, the Heide field, 
discovered in 1939 in the vicinity of old production first recovered in shallow 
diggings as early as 1856, produces from above and below a Mesozoic overlap on 
Permian dolomitic limestones on the flank of a salt structure. 

Three fields were discovered in 1942 and 1943 in West Hannover, near the 
Netherlands frontier in early Cretaceous beds. As stated in the remarks on the 
Netherlands, the activities in west Hannover led to the discoveries in the adja- 
cent Coevorden area in the Netherlands. 

An enormous amount of gravity and seismic work was done before and during 
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the war, and an active program undoubtedly will be resumed. The trend of devel- 
opment in the immediate future is expected to focus on the Dutch borderland 
area where it appears that the non-salt structures may furnish relatively good 
production. Also, it is expected that there will be a search for accumulation under 
new conditions such as may be present in the salt basin between the known domes 
and ridges as well as deeper flank production. 

The oil fields and refineries of Germany are nearly all in the British zone of 
occupation in northwest Germany. Their operation falls under the Military Gov- 
ernment which exercises its supervision through the North German Oil Control. 
The companies which were operating in northwest Germany prior to the war are 
preparing to continue the operation of their properties. It was reported late in 
1946 that the Oil Control was requesting the Military Government to permit the 
hiring of two American reflection crews. Under the proposed plan any prospects 
found would be leased to companies now operating in Germany. The Seismos 
Company of Hannover, once one of the largest geophysical companies in the 
world, was operating four crews in the Hannover basin in 1946, but equipment is 
in poor condition. As elsewhere in Europe, there is still a great lack of serviceable 
equipment of even the most ordinary kind. Refinery capacity, largely destroyed, 
is restored sufficiently to meet current needs. 

In the eastern or Russian zone of occupation, socialization of the oil industry 
has begun. This applies mainly to distribution, since there is no production, and 
to the synthetic oil industry. The latter has been reactivated in the Russian zone 
but is not operating in the western zones. 


AUSTRIA 


Cumulative oil production in Austria totals about 44,000,000 barrels. The 
1946 production rate was about 11,875 barrels daily. All of Austria’s production 
has come from 4 fields of the Vienna basin. Production has grown in recent years 
from about 1,000 barrels daily in 1938 to 5,000 barrels in 1942 and a peak esti- 
mated at about 23,000 barrels daily in 1944. This high rate was brought about by 
forced exploitation and with little regard for good production practice. About 
two-thirds of 1946 production was from the Prinzendorf field. 

During the war (1942) the Aderklaa gas fields were opened. It is reported that 
the Soviet Crude Oil Administration in Austria brought in a 1,350,000-cubic-foot 
gas well near Vienna in October, 1946. Several exploratory wells have been drilled 
recently in the Austrian Province of Burgenwald. Exploration in other basin 
areas of Austria have so far been unsuccessful. 

The position of the foreign companies in Austria is complicated by the defi- 
nition of ‘German Assets” under the Potsdam agreement. Russia takes the po- 
sition that foreign properties that were confiscated by the Germans after the 
Anschluss, fall under this definition and hence may be taken over by them. This 
position is contested by the United States and other allied governments. 
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HUNGARY 

Production in Hungary has grown in the past 10 years from nothing to a high 
of about 27,000 barrels daily in 1943 and 1944, since when it has dropped to 14,000 
barrels daily in 1946 from about 165 wells. Cumulative production totals 
34,600,000 barrels. 

_ The first large discovery of oil was made in Hungary in 1937 when the 
MAORT (New Jersey Standard) Company brought in the Budafapuszta field in 
southwestern Hungary. Lovaszi about 15 miles west of Budafapuszta on the 
Yugoslav frontier, was next discovered by MAORT in 1940, Budafapuszta and 
Lovaszi are Pliocene fields. Testing is going on at Ujfalu, a short distance south- 
west of Budafapuszta, on the frontier. 

During the war about 35 exploratory wells were drilled in Hungary, two- 
thirds of which were drilled in southwest Hungary. The small Hahot field was 
discovered 12 miles north of Budafapuszta during the war; the production is 
reported to be coming from a buried dolomite ridge. Eastward of the oil-produc- 
ing area, southeast in Hungary, two small gas and condensate fields are reported 
to have been found in recent months. 

The Hungarian fields have suffered greatly from excessive production and 
other uneconomic practices during the war and subsequently. 

Russian troops, which had occupied the oil fields since their recapture, are now 
withdrawn. However, the Russians still exercise military supervision of the opera- 
tions to insure priority on oil delivery to the Russian refinery in Hungary. The 
management of the American Company owning the fields now has access to the 
fields but still only on military permits. 

There has been difficulty in getting a proper price from the Government and 
in obtaining payment from the refineries because of their difficulty in collecting 
from the Government. 


CZECHOSLOVAKIA 

Cumulative oil production in this country approximates 3,900,000 barrels. 
Current production is about 525 barrels daily and comes from the Gbely and 
Hodonin fields in the northeast extension of the Vienna basin of Austria. A dis- 
covery has been reported at Gross-Bilowitz on the frontier of Moravia and lower 
Austria in the same basin. 

Under a 2-year plan, Czechoslovakia is said to be undertaking appreciable 
exploration. Two tests are reported drilling in western Slovakia, and exploration 
is going on in south Moravia. It is also reported that preparations are being made 
to continue the search for gas in Moravia near the Polish border where gas had 
previously been developed. : 


POLAND 
Annexation of eastern Poland by Russia deprived Poland of at least three- 
fourths of its pre-war potential, including the main Boryslaw area. Boryslaw it- 
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self was approximately a 200 million-barrel field. Production in pre-war Poland 
was about 9,000 barrels daily. Production from hand-dug wells and trenches be- 
gan in Galicia along the Carpathian foothills as early as 1854, and the first well 
was completed in 1861. Only one minor field has been found in Poland since 1913. 
Peak production of 41,000 barrels daily was attained in 1909. © 

The oil industry is now run by the Central Governing Body of the Industry 
of Liquid Fuels. The immediate goal is to build production to meet domestic 
demand by 1948. Sabotage and destruction during the war, overproduction by 
the Germans, and lack of equipment are making this a difficult task. Production 
is now said to be running at about 2,400 barrels daily in present-day Poland. 
Cumulative oil production totals about 270 million barrels. 

It is reported that plans called for the drilling of 93 wells during 1946, about 
17% of which were to be exploration. It is believed that this goal was approxi- 
mately attained. Reported plans for 1947 call for about a 65% increase in drilling 
over that for 1946. Exploratory drilling has been concentrated on old geological 
and geophysical prospects. It is said that most of the geological and geophysical 
records existing when the Germans overran Poland were taken to Germany, and 
that many of the old technical personnel are now dead. 

Most of the oil industry properties in the area that was annexed from Ger- 
many have been confiscated. The main fields of pre-war Poland annexed by Rus- 
sia are being energetically re-established in an effort to assist in supplying Rus- 
sia’s need for oil. 

It is reported that in the area of Poland annexed from Germany, preparations 
are being made to prospect around Bydgoszcz (Bromberg) which lies on the plains 
half way between Poznan and the Baltic. There are reports of a gas strike having 
been made in Silesia, which is also in western Poland. To further aid in supplying 
her liquid fuel needs, the creation of a synthetic oil industry has been started, 
using the large reserves of coal in the country. 


ROUMANIA 


Roumania, Austria, Hungary, and Germany account for nearly all of Europe’s 
current production west of Russia of around 125,000 barrels daily. Roumania, by 
far the largest European oil producer west of Russia, has a cumulative production 
of around 1,145 million barrels. The first boring for oil in Roumania was appar- 
ently made about 1880, though, as in Galicia, hand digging of wells dates back 
prior to 1860. As in Poland, all of the discoveries were made along the Carpathian 
foothills belt. 

Nearly all of Roumania’s oil has been produced from an area around Ploesti 
about 40 miles long by 15 miles wide. Production had grown to about 20,000 
barrels daily in 1920. Though only three major discoveries were made in the 
1920-1936 period production increased substantially to about 178,000 barrels 
per day in 1936 due to the intensive drilling up of the prolific foothills structures. 
Daily output decreased thereafter to around 127,000 barrels in 1939 and to about 
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70,000 barrels in 1944 when the refineries and transportation facilities were under 
aerial bombardment. Production increased to 95,000 barrels per day in 1945 after 
the capture of the fields by the Russians, only to continue the decline that had set 
in before the war. Output in 1946 was at the rate of 86,000 barrels daily, and the 
Roumanian Petroleum Association forecasts a rate of 76,000 barrels per day for 
1G47. 

The bulk of the production comes from the Pliocene on faulted and salt diapir 
folds. Per-acre yields are very high. A few sriall fields occur in eastern Roumania. 
Three of these produce from the Oligocene and the remainder from the Miocene. 

During the early war years, 1940-1943, approximately 50 wildcat wells were 
drilled in a German inspired attempt to find new production. Most of the wells 
were drilled in or near the Ploesti area, where three minor discoveries or field 
extensions resulted. 

Several reasons account for the scarcity of new field discoveries for a long 
period. Principal of these is perhaps the fact that rewards for successful explora- 
tion under the petroleum laws have been too small and too insecure. The result has 
been an intensive exploration of old productive properties, made possible by the 
high yields. There has been very little investigation of the extensive, geologically 
blind basin areas out in front of the foothills. 

In the Transylvania area of Roumania the Pliocene is not favorably developed 
and only dry gas has been found. Three new gas fields were discovered during the 
war, making 9g in all. The gas is reservoired in upper Miocene (Sarmatian) sands. 
Production in the 1943-1945 period averaged 18,700 million cubic feet yearly. It 
was recently reported that an additional gas field had been discovered in Transyl- 
vania. 

In 1942 a new Petroleum Law was passed. The law was designed to correct 
the major fault of the 1924 law and its 1929 and 1937 revisions. It is generally 
agreed that the latter laws had restricted wildcat drilling. They had provided in- 
sufficient incentive to carry on exploration work except in the areas of better 
prospects in the immediate vicinity of the Ploesti producing fields. In some cases 
the successful explorer had to return to the State as much as 85% of the area 
proved productive through his exploration work. The 1942 law is more liberal in 
this respect, but there is agreement that it is also most unsatisfactory. 

Roumania entered the war with a refinery capacity nearly double that of 
production. Aerial bombing eliminated much of the refinery capacity, but since 
the war this capacity has been built back to around 140,000 barrels per day. 

Since the close of the war a joint Soviet-Roumanian Oil Company called 
Sovrom Petrol has been formed. This company is made up of certain Roumanian 
companies and of former German-owned companies or companies taken over by 
the Germans. These latter are taken into Sovrom as Soviet contributions. The 
agreement between the Roumanian and Soviet governments gives the Sovrom 
Company preferential rights over the companies with other foreign capital. 

Under the armistice agreement and peace treaty Roumania is obligated to pay 
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reparations amounting to 300 million dollars over a period of 8 years (later in- 
creased to ro years) in commodities, the most important of which is oil. The bulk 
of Roumania’s oil is currently sold by the companies to the Roumanian Govern- 
ment at low fixed prices. The oil is then turned over to Russia in reparations pay- 
ment. Prior to the war most of Roumania’s oil exports moved westward to help 
supply the markets of Europe. As there is now no exportable surplus there is in 
consequence, no exchange with which to buy much needed equipment. 


ITALY 

Production of oil in small quantities in Italy dates back to 1860. Prior to 1890 
production amounted to only a few barrels a day. From 1890 to 1930 production 
averaged between 100 and 200 barrels daily. Peak Italian production of 570 
barrels daily average was reached in 1932. The 1946 output averaged about 250 
barrels daily from about 15 fields. Cumulative production totals about 3.2 million 
barrels. Most of the production has come from the Parma-Piacenza area along 
and near the Apennine foothills belt of northern Italy. 

There is no reliable information on exploration activity during the war. To 
1943, exploitation and exploration drilling remained relatively high. Two minor 
oil fields, Vizzola and San Giorgio, were discovered in 1941 and 1942, respectively. 

The principal development during the war was the opening of shallow gas- 
producing areas, largely in the eastern Po plains. This activity was spurred by the 
fact that gas became a substitute for gasoline during the war. Many small 
operators actively drilled for shallow methane gas in the Quaternary of the eastern 
Po plains-Po delta region. In the southern plains area, adjacent to the foothills, 
the old Podenzano gas field was exploited nearly to exhaustion, and gas was de- 
veloped at San Giorgio along the same belt on the east. These are Plio-Miocene 
fields. 

A wet-gas discovery near Lodi, southeast of Milan, in 1943 on a seismograph 
structure was at first thought promising, but 3 additional wells drilled here were 
unsuccessful. Two Quaternary gas fields, Bando and Malalbergo, were discovered 
in 1943 on gravimeter structures in the southeastern plains south of Ferrara. Gas 
production in Italy in 1946 totalled about 2.5 billion cubic feet. 

Exploration in central and southern Italy developed nothing of importance in 
recent years. Likewise, on the Island of Sicily, wildcatting carried on in the early 
years of the war resulted negatively. It was recently reported that an American 
company has been granted a concession to explore about 32,000 acres in the 
Licato, Aragona, Cattolica, Jappolo, Gientascio, and other areas of Sicily. 


ALBANIA 

Albania has produced nearly ro million barrels of oil from the Devoli area of 
the Dinarides foothills back of Valona on the eastern Adriatic coast. The oil is 
developed in several adjacent Miocene pools in the area. We have no authentic 
information on the present status of the Devoli fields or of production in 1946. The 
field was discovered in 1928 and extensive development began in the middle 
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1930s. The 1945 production is reported to have run at about 2,000 barrels daily. 

There was a recent report to the effect that Yugoslavia has proposed to 
Albania that Albania pool her oil reserves with Yugoslav technique for joint 
exploitation. 


SPAIN 


No commercial oil or gas fields have as yet been developed in Spain. Three 
companies were actively exploring for oil in 1946. 

CAMPSA (Compania Arrendataria del Monopolio de Petroleo Sociedad 
Anonima), the Government-monopoly company, is drilling a well as Zamanzas in 
Burgos Province. It is reported that 3 drilling sites have been selected, one at 
Ubierna in Burgos Province, one at Cuenca in Soria Province and one at Tremp 
in Lerida Province, northwest of Barcelona. This company carried on core drill- 
ing, during the year. 

CIEPSA, a combination of Cia. Espanola de Petroleo, S.A., and the Socony- 
Vacuum Oil Company, are preparing to drill a test at Oliana, Lerida Province, in 
the Ebro basin. 

ADARO, a subsidiary of the Instituto Nacional de Industrias, is preparing to 
drill on a Triassic anticline at Chiclana near Cadiz in southwestern Spain. 

The Geologic Institute is operating a Sullivan rig of 5,000 feet capacity on a 
test near Villaciervos, a few kilometers west of Soria in northern Spain. 

While all of the several basins in Spain have been investigated from time to 
time, those of northern Spain have in the past, as to-day, received the most 
attention. 


TURKEY 


Oil production in Turkey has been negligible. Drilling near the eastern section 
of the Syrian frontier encountered minor production. Recent reports indicate that 
Turkey is preparing for more energetic exploration and is enlisting American help 
for training men in various phases of exploration work. 


RUSSIA 


Cumulative production in Russian territory approximates 5,600 million bar- 
rels. It is impossible to get accurate figures of daily production over recent years. 
Best information available indicates that 1946 production has been approxi- 
mately 450,000 barrels daily, a rate about 41% of that of Venezuela. This is 
comparable with about 620,000 barrels daily in 1940 and about 400,000 barrels 
in 1945. 

It is reported that 3,000 wells were destroyed in the productive areas of the 
Caucasus occupied by the invading armies. It appears evident that the industry 
suffered also from loss of refining capacity and from the slowing of exploration 
caused by the war. Besides, there is a very great need for new equipment. This 
requires foreign exchange for the equipment or for materials to make it. It has 
been officially stated that Russia plans to spend 200 million dollars a year over the 
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next 5 years for industrial equipment of which about one-tenth is scheduled for 
the oil industry. In addition to the large amounts of oil being brought in from the 
Balkan countries now under Russian domination, figures for 1945 show that 
4,787,500 barrels of oil were imported from the United States. 

The Caucasus fields, particularly those of the eastern Caucasus Baku area, 
have long produced the great bulk of Russia’s oil. Just prior to the war the 
Caucasus supplied about 86% of the country’s oil, of which about 72% was from 
Baku. These proportions have since dropped to about 70 and 61%, respectively. 

The balance has been made up by increases in other areas principally that of 
the so-called Second Baku region on the north which lies between the Volga 
River and the Urals. Output in this region increased from only 6% of all Russian 
production just prior to the war to about 15% at present. Reports indicate that, 
it is hoped that by 1950 all Russian fields outside the Caucasus region will provide 
36% of Russia’s production. 

It is interesting to note a few figures that appear in reports of future plans. 
The production goal for 1950 under the current 5-Year Plan is given as 257 mil- 
lion barrels, and as 436 million barrels for 1960. The 257 million-barrel figure 
(700,000 barrels daily) is smaller than the goal set but not attained under the 
second 5-Year Plan prior to the war. The goal set for the Baku area for 1950 is 
only 123 million barrels; this is comparable with an actual production of about 
175 million barrels in 1938. 

As already reported, the most successful developments in recent years have 
been in the “Second Baku” region between the Volga and the Urals. Rather large 
discoveries have been made at Tuimazy, Kuibyshev and Saratov on the Volga, 
and at Ufa, Sterlitamak, and other localities nearer the Urals in this region. The 
Kuibyshev field is said to have quadrupled its pre-war production. 

Considerable developments are reported in the Ukhta district of the Komi 
Republic where the center of the industry for North Russia, west of the Urals, is 
now located. Other areas of developments in East Russia include that of the 
Kama fields, 400 miles south of Ukhta, and several other areas still farther south 
in the Ural geosyncline. Production in the Uralian geosyncline is from the Paleo- 
zoic, whereas that of the Caucasus fields and the areas east of the Caspian is 
Tertiary in age. Significant is the fact that the recent discovery at Tuimazy on 
the Volga is from the Devonian. 

In the Baku region a 12,800-foot test, said to be the deepest in Europe, is re- 
ported to have been drilled. Prospecting is now proceeding in what is known as 
the Small Caucasian Range in southern Azerbaidjan. A new oil field was recently 
reported at Buzovny in Baku; another is reported at Task-Kala in the Grozny 
area. Just east of the Caspian, on the trend of the Caucasus, where the Nebit-Dag 
fields are located, the Buzovna and Mashtaga fields were brought in during the 
war. Production in this area is said to have reached 14,000 barrels daily in 1945, 
and the area is destined to increase in importance. 

While numerous indications of oil are known in Siberia, the development of 
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many of its prospective areas will probably be long delayed due to the lack of 
transportation and the ice-bound character of its coast and rivers during most 
of the year. 

Pre-war production on Sakhalin Island approximated 13,000 barrels daily, 
about equally divided between the north and south halves of the island. It is 
reported that there has been some increase during the war and subsequently. 
Exploration is said to be going on in these Tertiary basins both in North Sakhalin 
and in the southern half, which was taken over from Japan. Exploration is also 
reported to be proceeding on Kamchatka Peninsula. 

There have been various claims made regarding the extent of Russian re- 
serves. One report in 1937 gave a figure of 46 billion barrels, or much greater than 
the proved reserves of the rest of the world at that time. Obviously such claims 
are not made on the same basis that proved reserves are figured in the rest of the 
world. However, the geology of Russia indicates large potentialities. Her sedi- 
mentary basin area is at least two and possibly as much as two and a half times 
that of the United States. 


IRAN 


Cumulative oil production in Iran totals about 1,590 million barrels. Produc- 
tion is about 410,000 barrels daily. The large Haft Kel field is furnishing the 
largest part of the current production. 

The original D’Arcy 500,000 square-mile concession, covering all of Iran ex- 
cept the five northern provinces, was obtained in 1901 from the old monarchy. 
The present Anglo-Iranian Oil Company is owned 56% by the British Govern- 
ment. Anglo-Iranian began developments at Naft Khaneh on the Iraq border, 
or what was at that time the border of the old Turkish empire. Activities were 
later shifted to the more accessible area of southwest Iran on the Persian Gulf, 
where the Masjid-i-Suleiman discovery was made in 1908 and where production 
began in 1913. Haft Kel was discovered in 1925, followed by Gach Saran, Agha 
Jari, White Oil Springs, and the Pazanun gas field. No new discoveries were made 
during the period 1940-1946. 

The original concession was revoked and replaced by a new contract limiting 
the area to 200,000 square miles to run for 60 years from December 31, 1933, with 
obligation to further reduce the area to not over 100,000 square miles within 10 
years. Only a small part of this 100,000 square mile area of southwestern Iran 
has been explored by the drill. Exploratory activity in recent years has been 
limited to a moderate amount of geological and seismic work. 

Under the present monarchy all petroleum concessions must be approved by 
the Majlis or Parliament. The concession negotiated by Russia covering the five 
north Iranian provinces has not yet received this approval. The question of 
ratification is due to come up early in 1947 after the seating of the newly elected 
parliament. The contract calls for 51% Russian and 49% Iranian participation 
in the company, with Russian operation. The contract terms are very like those 
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set up in the countries of Europe under the control of Russia and are quite differ- 
ent to any type of concession contract now in effect in the Middle East. 

The Standard Oil Company (New Jersey) and Socony-Vacuum Oil Company 
have recently contracted with Anglo-Iranian for the purchase of crude oil from 
Iran and Kuwait. 


COUNTRIES UNDER CONCESSION TO IRAQ PETROLEUM COMPANY GROUP 


The countries of this group are: Iraq, Syria, Lebanon, Palestine, Cyprus, 
Qatar, and the Trucial Coast. 

Cumulative production from this group, virtually all of which came from the 
Kirkuk field in Iraq, amounts to about 320 million barrels. In addition, about 24 
million barrels of oil has been produced from the Naft Khaneh (Iraq)—Naft-I- 
Shah (Iran) field and surface structure which lies astride the Iraq-Iran boundary. 
The field was discovered in the middle 1920’s. Kirkuk was discovered in 1927. It 
produces from Tertiary limestone, approximately equivalent to the late Eocene 
to early Miocene Asmari limestone of Iran. Production at Kirkuk started in 1934 
after the completion of the pipelines to Haifa and Tripoli on the Mediterranean. 
Production has been maintained rather continuously at the 80,000—g0,000 barrel 
capacity of the line, except for the period of the war when the Mediterranean was 
closed. Iraq daily production totaled about 96,000 barrels. 

A new 16-inch pipeline paralleling each of the two 10-inch and 12-inch existing 
lines is under construction. On completion the pipeline capacity will be raised to 
250,000-300,000 barrels per day. The increased pipeline capacity calls for replace- 
ment drilling of wells destroyed in the “‘denying-the-enemy” program. 

Petroleum rights to the country of Iraq are held under three main concessions. 
The area east of the Tigris River is covered by the original Iraq Petroleum conces- 
sion. Rights to the northern part of Iraq west of the Tigris are now subject to 
the Mosul Petroleum Company. And the Basrah Petroleum Company conces- 
sion covers the southern area of western Iraq. Petroleum rights in the other 
countries previously listed are held under Petroleum Concessions, Ltd., and each 
is operated by a separate Petroleum Development Company. Most of these con- 
cessions are for a period of 75 years. 

The Ain Zalah field of Iraq, 150 miles northwest of Kirkuk, was discovered in 
Upper Cretaceous limestone in 1939 by drilling on a well defined surface structure. 
The field, since extended by exploratory drilling, is now shut in. The Qaiyarah 
field on the west bank of the Tigris, 65 miles northwest of Kirkuk was discovered 
in 1927. It is one of a group of structures. The Germans had discovered a minor 
amount of shallow oil here in 1918. Qaiyarah oil is heavy and sulphurous. Other 
wildcat wells in Iraq and Syria were dry holes or non-commercial wells. The 
Dukhan field on Qatar Peninsula in the Persian Gulf was discovered in Jurassic 
limestone in 1940 and extended by exploratory drilling. The wells were destroyed 
by the operators during the North African campaign, and drilling was resumed in 
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Exploratory work was suspended in all areas of I.P.C. and P.C.L. operations 
from 1942 through 1945. In 1941, 3 exploratory wells were completed in Iraq and 
2 in Syria. One exploratory well was completed in Qatar in 1941 and another in 
1942. Plans for 1947 contemplate the drilling of 3 wells in Iraq, 2 in Syria, 2 in 
Palestine, 1 in Lebanon, and 3 in Qatar. ‘ 

In 1941 one or two geological parties were working in each of the 7 countries. 
In addition, a geophysical crew was operating in Iraq and another in Palestine. 
In 1946, 11 geological parties and 8 geophysical crews were operating in 6 of the 
countries. It is contemplated that 13 geological and 7 geophysical parties will be 
active in 1947. It is anticipated that new oil discoveries will be made in this oil 
rich province, where untested prospects embrace geologic structures of large 
magnitude. 


SAUDI ARABIA AND BAHREIN 


Cumulative oil production in Saudi Arabia is about 112 million barrels, and 
nearly 80 million barrels for Bahrein. Respectively, current production is 200,000 
barrels, and 20,000 barrels daily for the two countries. Concessions in both Bah- 
rein and Saudi Arabia are owned by the Standard of California and Texas Oil 
Company. The concession in Saudi Arabia covers 435,000 square miles, an area 
about the size of that of Texas, Oklahoma, Arkansas, and Louisiana combined. 

Oil was discovered on the island of Bahrein in 1932. The main production 
comes from middle Cretaceous sand and limestone. Drilling on Bahrein was 
suspended during the war. One rig is now reported to be running. It is further 
reported that the drilling of exploratory wells for structure around the island is 
planned. The main productive beds in the four fields discovered to date in Saudi 
Arabia are in Jurassic limestone. The deep or main producing formation at 
Dammam, located directly across the straits from Bahrein, was discovered in 
1938. The large Abqaiq field about 40 miles southwest of Dammam, was dis- 
covered in 1941. At least 1,450 feet of oil leg has been proved in Abqaiq by well 
No. ro. Four wells were said to be drilling on Abqaiq and one on Dammam around 
the close of 1946. Abu Hadriya, located about 80 miles north of Dammam, was 
discovered in 1940. So far only the discovery well has been drilled on this struc- 
ture. Qatif, discovered in 1945 just north of Dammam is also still a discovery well 
field. Of the current production from Saudi Arabia about 100,000 barrels daily is 
derived from 9 wells at Abqaiq, an approximately equal amount from 45 wells at 
Dammam and around 3,500 barrels from the one well drilled on Qatif. 

In reviewing the Middle East fields, it is of interest to note that 750,000- 
760,000 barrels of oil are being produced daily. This production is nearly 70% 
above that of Russia. Probably no other oil area of the world of similar size has 
potential reserves of comparable magnitude. No other area of the world has av- 
erage daily yields per well equalling those of the fields around the Persian Gulf, 
which run from several hundred to more than 10,000 barrels per well per day. 

Instead of reduced demands for oil with the close of the war outlet has actually 
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increased. Much of the oil is moving to supply markets that would normally be 
supplied by Far Eastern fields. As the Far Eastern fields are being rehabilitated 
plans are going forward to build pipe lines to the Mediterranean from Saudi 
Arabia, Kuwait and Iran. These will cut the 3,100- to 3,300-mile tanker haul to 
the Mediterranean to about one-third that distance. 


KUWAIT 

The Burghan oil field in Kuwait was discovered in 1938 on a reflection- 
seismograph structure. The concession, which covers the entire 6,000 square mile 
sheikdom, is owned by the Kuwait Petroleum Company, Ltd., the ownership of 
which is equally divided between the Gulf Exploration Company and the Anglo- 
Iranian Oil Company. The wells were plugged and operations suspended during 
the war. Deliveries from the field, which began in May, 1946, are currently run- 
ning at 40,000 barrels daily. It is reported that 8 flowing wells have been drilled. 
Cumulative production at the close of the year was close to 7 million barrels. 

The reservoir of the Burghan field is a thick middle Cretaceous sand. The oil 
is reported to be of 32° A.P.I. gravity. The Burghan structure is said to be very 
large. Various estimates have placed the reserves at 4 to 5 billion barrels, with 
potential possibilities of double these figyfes. 

It has been recently reported that the company plans to start 7 more rotary 
rigs drilling on the field in 1947. 


EGYPT 

Cumulative production in Egypt, all of which has come from the Gulf of Suez 
area, totals about 98 million barrels. Current production is more than 25,000 
barrels daily from about 128 wells. Nearly all of this is coming from the Ras 
Gharib field discovered by Anglo-Egyptian Oilfields (Shell) in 1939. About 1,000 
barrels daily is coming from the old Hurghada field discovered by the same com- 
pany in 1913. Both of these fields are on the west side of the Gulf of Suez. Ras 
Gemsa, a very minor shallow field, also on the west side of the Gulf was discovered 
in 1911. On the east side of the Gulf the old abandoned Abu Durba field, opened 
in 1918, has yielded a little oil. On the same side of the Gulf, discovery of oil at 
Sudr in a joint operation of Anglo-Egyptian and Socony-Vacuum was made in 
1946. One well is now reported to be drilling at Ras Gharib and one at Sudr. 

Altogether tog wildcat wells have been completed in Egypt to date: 72 of 
these were drilled on the west coast of the Gulf of Suez, 18 on the east coast of 
that Gulf, 12 along the Red Sea, 3 in the interior of Sinai, and 4 in the Western 
Desert (west of the Nile). Exploration activity was greatly curtailed during the 
war years, but was resumed in 1945 and 1946, in which years 14 wildcats were 
completed. In the latter part of 1946, the Standard Oil Company of Egypt, Anglo- 
Egyptian Oilfields, and Socony-Vacuum Oil Company were operating 3, 2, and 2 
wildcat rigs, respectively. 

A limited amount of seismic and gravity-meter work was carried on in Egypt 
in 1946. Of particular interest is the fact that the three main operators are co- 
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operating in running an experimental seismograph to improve technique and to 
determine which areas may be worked, for seismograph results in Egypt have 
been generally disappointing. 

Large areas of Egypt are as yet unexplored. In the near coastal areas of the 
Western Desert where the North African campaign was fought thousands of land 
mines laid by the opposing armies still remain buried. Under the dry conditions of 
the desert these mines may remain a menace to exploration for many years unless 
removed. 


INDIA 

Cumulative oil production in British India totals approximately 49 million 
barrels. Current production is 6,500 barrels daily. The old Digboi Miocene field of 
northeast India in upper Assam, near which the Stilwell road starts out of the 
Brahmaputra Valley for China, produces about 5,400 barrels, and the Dhulian 
and Khaur fields of the Punjab, northwest India are reported to produce about 
600 and 200 barrels daily, respectively. 

In the southern or Suma Valley of Assam the old Badarpur field was aban- 
doned in 1933, when it had a cumulative production of only 1,671,000 barrels. 
Exploration for many years of the Masimpur structure east of Badarpur and of 
the Patharia structure on the southwest resulted in only small amounts of oil 
from each. Large sums were spent in testing these structures. 

The Punjab basin is between the Siwalik front of the Himalayas on the north 
and the Salt Range on the south. The oil of the Punjab fields occurs near the un- 
conformable overlap of Miocene sediments on Eocene limestone, partly above 
but mainly below the unconformity. The Dhulian and Khaur fields, which are in 
the deeper north part of the basin, yield light oil, and heavy, viscous black oil is 
found in the Joya Mair field on the southern shelf. In June, 1946, a discovery was 
made in Balkassar No. 1, 12 miles west of Joya Mair, reported at 350 barrels 
daily. This oil is also asphaltic but it is of better quality than that at Joya Mair. 
A second well is being drilled. The fields of the Punjab are operated by the 
Attock Oil Company. Production at Dhulian, the main field, has been falling off 
rapidly since 1940 with water encroachment. 

The Khaur fiéld was discovered in 1913, Dhulian in 1935, Joya Mair in 1944, 
and Balkassar in 1946. A test at Meyal was abandoned at 10,501 feet. Another 


test is reported to be drilling at Bakra. A recent report states that a deeper oil 


showing has been discovered at Joya Mair. It was also recently announced that 
the Burma Oil Company is drilling a test near Joya Mair. 

Soon after the outbreak of the war most of the exploratory work of all types 
was suspended in India except for some wildcat drilling in the Punjab. Suspension 
of exploration was accompanied by a moratorium on concessionary obligations. 
In 1946 geological work was again started both in northwest and eastern India. 
Two seismic crews were scheduled to start surveys in northwest India and some 
gravity work was recently going on near the Digboi area of Assam. 
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BURMA 
Production from British India and Burma had generally been reported as one 
total in the United States prior to 1935. With the assistance of data from British 
sources it is indicated that cumulative production in Burma alone totals approxi- 
mately 282 million barrels. Prior to the Japanese advance into Burma in 1942, 
production was about 21,000 barrels daily from about 5,000 wells in 10 fields. The 
bulk of this oil was coming from Singu and Lanywa, and most of the remainder 
from Yenangyat and Minbu. 

There is little authentic information on the present status of the Burma fields 
and their production. Much damage resulted from sabotage carried out by the 
British prior to evacuation, and also from aerial bombing and political unsettle- 
ment. It has been reported that the Government has refused to pay the com- 
panies for the damage resulting from the war. It is also stated that between the 
British military occupation forces and the Burmans approximately 2,000 barrels 
per day has been produced from the fields over the past year. This rate would be 
only about one-tenth that of pre-war. Besides the extensive damage to the pro- 
ducing properties, it is reported that a complete new refinery will have to be built. 

The Burma oil fields are in the basin of the Irrawady Valley. The oil reservoir 
is in Oligo-Miocene strata, which is approximately the age of the oil-producing 
sedimentary rocks of Assam on the north. Recent reports state than an American 
geophysical crew has arrived in Burma. 


CHINA 

Greater China, with an area 30% larger than that of the United States, has 
been relatively little explored. A number of sedimentary basins are known, as 
outlined approximately on the map. One of the principal deterrents to exploration 
and development is the fact that the areas of better prospects are located as far as 
2,000 miles or more by road over a rough and arid country from the centers of 
population. 

Cumulative production in China is only about 3 million barrels. Though the 
production of very minor quantities of oil dates back for several thousand 
years the only important oil field, that of Yumen (sometimes called Laochun- 
miao), was discovered in 1939 in northwest Kansu, 1,500 miles northwest of 
Chungking by road. About 30 wells have been drilled, and production has run as 
high as 3,000 barrels daily of 33° A.P.I. oil. Production in 1946 is variously re- 
ported at from 1,000 to 2,000 barrels a day. The oil is refined at the field and the 
products are trucked to markets. The oil reservoir is in Tertiary sands. Various 
estimates give reserves of 50-100 million barrels for the field. 

In the Szechwan or Red Basin, in which Chungking is located, a little oil and 
gas has been found in many wells drilled for brine during the past more than 2,000 
years, and more recently in exploration for oil and gas. The basin contains many 
folds. 

Reports indicate that the Russians developed oil in numerous wells which 
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they drilled several years ago in northwest Sinkiang (Tsungari basin) in far north- 
west China. The data indicate that oil of high grade as well as gas was found in 
several localities. It is said that the Russians have since capped the wells and 
moved out. A number of oil seepages are reported in this remote basin. Seepages 
have also been long known in the Tarim basin west of Kansu, also a very remote, 
arid and very little inhabited region. 

A very little oil has been developed in the Shensi basin and also in the north 
Manchuria and Jehol basins. There are large oil-shale reserves in Manchuria 
which the Japanese had exploited for as much as 3,000 barrels daily. There are 
also other large oil-shale deposits in China. 

There are a number of oil-bearing structures on the island of Formosa, but 
only three of these might be termed commercial, the principal of which is Shuk- 
kada in northwestern Formosa. It is reported that production has been 100 to 200 
barrels daily. 


JAPAN 


Cumulative oil production in Japan is approximately 93 million barrels. 
Daily output is now approximately 4,000 barrels. It is reported that some new 
production was developed in the Hachimori field in 1946. 

Japan’s Cretaceous-Tertiary basins have not been efficiently or completely 
explored. The producing areas are limited to northwest Honshu and the central 
part of Hokkaido. All oil production is largely or entirely of Upper Tertiary age. 
Alluviated or plains areas of the basins have scarcely been investigated, and 
there has been very little exploration of lower Tertiary and Cretaceous forma- 
tions. 

Most of the producing industry in Japan is owned by the Imperial Oil Com- 
pany, whose ownership is equally divided between the Government and private 
capital. Ambitious plans for pushing exploration since the war have not been 
effectively implemented and drilling is still limited to the old producing areas. 

It appears that elimination of synthetic oil production and limitation of 
refinery capacity in Japan is likely. 


PHILIPPINES 


There has been a moderate amount of drilling for oil in the Island’s Tertiary 
basins. Indications of oil have been found in several wells. The main areas of ac- 
tivity have been in southern Luzon, Cebu, and Leyte. The Far East Oil Develop- 
ment Company of the Philippines has recently announced contracting for resum- 
ing drilling on one of the two structures on the Island of Cebu on which explora- 
tion was interrupted by the Japanese invasion. Prior to the war a discovery was 
claimed on the structure in the north part of the island. The other structure lies 
in central Cebu. Other tesfs are said to be planned in the Islands. 


EAST INDIES 


Cumulative production in the East Indies totals about 1,230 million barrels, 
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of which 90% or more was produced in the Netherlands East Indies and the 
balance in Borneo. Prior to the war the oil output of the Far East, which includes 
the East Indies, India, Burma, Japan, approximated 220-225 thousand barrels 
daily. Current production is about 50,000 barrels daily. Practically all of this 
drop in production can be attributed to sabotage of the properties in the East 
Indies and in Burma carried out under military orders just prior to the Japanese 
invasion and by the Japanese prior to reconquest by the Allied powers, and also to 
delay in rehabilitation on account of the political unrest, the need for new equip- 
ment, the problem of exchange and the tremendous task of re-establishment of the 
wrecked properties. 


TABLE IV 
Ort Fietps DiscovERED IN East INDIES, 1936-1946 
Field Discovered b Discovery 
Discovered Credited to 
CENTRAL SUMATRA 
Doeri 1941 NPPM (Cal-Tex) Surface geology; seismograph 
Minas By J ape on NPPM Seismograph 
(Cal-Tex) property 
Lirik 1938-39 NKPM (Std.-Vac.) Surface geology 
SOUTH SUMATRA 
Moesi (Gas field) 1938 NKPM (Std.-Vac.) Seismograph 
Rajah 1940-41 NKPM (Std.-Vac.) Gravity meter 
SOUTH BORNEO 
Tandjoeng 
(Moeroeng Poedak) 1938 BPM (Shell) Surface geology 
NORTHWEST NEW GUINEA 
Klamono 1936 *NNGPM Surface geology 
Mogoi 1941 *NNGPM Surface geology 
Wasian - 1939 *NNGPM Surface geology 


* 40% BPM (Shell). 
40% NKPM (Std.-Vac.). 
20% NPPM (Cal-Tex). 


Prior to the Japanese invasion production in the East Indies was more than 
180,000 barrels per day from about 3,400 wells. Of this total about 112,000 barrels 
daily was supplied by Sumatra, 50,000 from Borneo, 17,000 from Java, and 
about 2,000 barrels from Ceram. Currently, production in the East Indies is 
35,000 barrels daily. While an increase in output will probably occur on settle- 
ment of the political and lesser physical difficulties, several years of rehabilitation 
may be required to return to complete normalcy. At present there is a consider- 
able lack of balance between production, storage, transportation, and refining 
facilities. 

In all productive areas the succession of events is essentially the same: de- 
struction of storage, refineries, pipe lines, and wells prior to the enemy invasion; 
repair of some of the properties and restoration of production to the extent pos- 
sible by the Japanese, concentrating on several areas where the possibilities of 
restoration and the type of oil needed offered most advantages; renewed sabotage 
by the Japanese prior to recapture; and now the slow process of recovery and re- 
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establishment of the properties. It has been estimated that the Japanese, during 
their occupation and under the pressure of the need for oil, had restored the 
production to approximately half of pre-war capacity. A considerable number of 
wells were drilled in certain fields. 

On the Vogelkop, western end of Netherlands New Guinea, the three fields, 
Klamono, Wasian, and Mogoi, discovered before the war, were destroyed prior to 
Japanese entry. These fields are now in the process of rehabilitation. 

In Papua, the southeastern part of the island of New Guinea, the Australasian 
Petroleum Company’s well at Kariava, closed during the war, has resumed drill- 
ing. The Papua operations are owned by the Anglo-Iranian, Standard-Vacuum, 
and Oil Search, Ltd., the last an Australian company. A program of geological and 
geophysical work and aerial photography has been announced. A considerable 
amount of structural, stratigraphic, and geophysical work had been done in 
Papua prior to the war. 

Table IV lists the oil fields discovered in the East Indies in the 1936-1946 
period and the method or methods by which the discovery well was located. 


AUSTRALIA 


The area of Australia is but slightly less than that of the United States. The 
only oil production in Australia is that developed in small quantities from a 
coastal Tertiary overlap in the Lakes Entrance field in Victoria on the southeast 
coast. 

Hundreds of wells have been drilled in the Great Artesian basin of Queensland 
for water and a few wells were drilled for oil or gas. Scattered, mostly minor 
showings of gas, some of it wet, and light oil have been obtained in some of these 
wells. The Great Artesian basin is several hundred square miles in area and is said 
to be the largest artesian basin in the world. It covers all of Southwest Queens- 
land and adjoining parts of South Australia and New South Wales. This is a 
moderate-depth basin, filled largely with Cretaceous but with some late Jurassic 
and, locally, Triassic and late Paleozoic strata. 


During most of the war years the Shell carried on geological and geophysical . 


work on a 116,000 square mile concession in the Great Artesian basin of Queens- 
land. The Zinc Corporation (Broken Hill Mines), assosiated with the Standard- 
Vacuum and Anglo-Iranian, have been granted an exploration license in the 
northwestern part of South Australia to develop gas for the mines. 

At present Northwest Australia is receiving some attention. During the year 
the Freney Kimberley Oil Company and the Caltex Oil Company were the lead- 
ing operators. The former is reported to be drilling a test on the Nerrima dome on 
its 550 square-mile block in the Kimberley District. Caltex had 134,000 square 
miles of acreage surrounding the Freney block in which it has been doing geologi- 
cal work. It is reported that this company has recently relinquished its rights to 
this area. The activities of these two companies were suspended during the war. 
The area is vast. The sedimentary rocks of main interest are Devonian and 
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Permo-Carboniferous in age. Eight wells have been drilled here since 1921, with 
only minor shows reported. 

In the so-called Northwest basin, which extends along the west coast no drill- 
ing has been done for oil and gas, though wells have been drilled for water in the 
basin. The sediments are Carboniferous to Tertiary in age. No oil indications are 
known in this basin. It is reported that Cal-Tex have recently also relinquished a 
concession area which they held in this basin, on which they had done some 
geological work. 

The Commonwealth Government has recently reported that it plans to spend 
about 12 million dollars in the search for oil in Australia, mainly in the Kimberley 
region. H. G. Raggatt, director of the Commonwealth Bureau of Mineral Re- 
sources, Geology and Geophysics, is in charge of the expanded program. Besides 
a 3- to 5-year geological and geophysical survey in the Kimberley region, be- 
ginning in 1947, it has been announced that geophysical surveys will be made of 
the prospective Broken Hill gas area at the southwestern end of the Great 
Artesian basin. 

About 40 wells have been drilled in South Australia, most of them along the 
southeast coast. At best only minor showings of oil or gas are reported. The sedi- 
mentary rocks, which are partly Jurassic and largely Middle and Upper Tertiary 
in age are not very favorable in facies. 


NEW ZEALAND 


The search for oil in New Zealand has been localized largely in three principal 
districts, namely, Taranaki and Poverty Bay, on the east and west sides of the 
North Island, respectively, and the Westland district of the South Island. In 
each instance attention was attracted by oil seepages. Drilling efforts in Taranaki 
were centered largely on an igneous plug at New Plymouth where, in the 20 years 
preceding 1938, more than 4o wells were drilled, a few of which obtained small 
yields of oil. In all, 100,000 barrels of oil have been produced. Of the 16 wells 
drilled in the Poverty Bay area prior to 1938, none found encouraging indications. 
Earlier activities in the South Island were localized around the Kotuku oil 
seepages in the Westland area near Greymouth. 

In 1938 a period of renewed activity was initiated. Geological and geophysical 
surveys and drilling were started by the New Zealand Petroleum Company, Ltd., 
a group composed of the Standard-Vacuum, Cal-Tex, and local New Zealand and 
Australian interests. This company drilled 8 tests with a total footage of approxi- 
mately 52,000 feet, none of which met with encouraging results. Two of these 
wells were drilled in the Poverty Bay area, 5 in Taranaki, and 1 in the South 
Island. In addition, during the early years of the war, the Superior Oil Company 
and the Shell Company undertook geological and geophysical work, followed by 
drilling. The Superior put down 2 tests in the Manawatu-Rangitiki District of the 
North Island, and 2 in the Westland District of the South Island. The Shell also 
drilled a test in the Westland area. Results in each case were discouraging. 
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MOROCCO 


Apart from Egypt, the search for oil on the continent of Africa has been 
resumed on only a minor scale during 1946, with operations other than geological 
reconnaissance, confined to French North Africa. 

In Morocco, the French Government company continued to exploit the 4 
small fields in the inter-montane Taza basin: Tselfat, Bou Draa, Bou Draa Nord, 
Souk-el-Arba (Ain Hamra). Annual production of about 35,000 barrels remained 
about the same as before the war; production from the first 3 fields is from the 
Jurassic; that at Ain Hamra is from the Tertiary. Accelerated drilling and ex- 
ploration is planned for the future. 


ALGERIA 


In Algeria, a 3-year program of intensified exploration surveys and deeper 
drilling was proposed in 1945, to be carried on by a newly formed French Govern- 
ment-sponsored company. Plans for increased geological work and the acquisition 
of new drilling equipment were reported. In the past, more than 100 relatively 
shallow wells have been drilled in the small Chelif inter-montane basin, east of 
Oran, and 3 small fields were found: Ain Zeft, Medgilla, and Messila. To 1914, 
Ain Zeft had produced 10,000 barrels of oil and the other two, at the end of 1938, 
had produced 174,000 barrels. Recent figures are not available. The reservoir beds 
are Tertiary in age. 


TUNISIA 


Like Morocco and Algeria, Tunisia has also had much sporadic exploration 
activity in the past, largely in the numerous seepage areas in the north, but no 
oil or gas fields have been discovered. The French Government’s present plans 
are to greatly expand its exploration effort and extend it southeast, away from 
the highly disturbed areas. Geophysics and modern drilling equipment are to be 
used. Though no details are available, it is presumed that surface surveys and 
some shallow drilling were carried on in the northern region during the past year. 


TRIPOLITANIA 


The Mediterranean coastal belt extending westward from Egypt through 
Tripolitania (Cyrenaica and Libya) has been the object of some reconnaissance 
study in the past. 


GABON 


The French Government has a program of surface mapping, geophysics, core- 
drilling, and deep testing under way in the Gabon basin of French Equatorial 
Africa. 


NIGERIA 


The Anglo-Iranian Oil Company has recently announced its intention to 
resume joint exploration with the Shell in the Nigerian basin. The presence of tar 
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sands along the coast east of Lagos has attracted attention and some drilling was 
done prior to the war, but no fields have been discovered to date. 


ABYSSINIA 

As announced in 1945, the Sinclair has been given a concession to explore for 
oil throughout the country. Basic regional geologic study and aerial photo in- 
terpretation have been carried out, but intensive field operations have not yet 
commenced. 


MADAGASCAR 

The French Government has under way fairly extensive plans for geological 
and geophysical work in the western part of the island. Surface indications and 
more or less sporadic drilling during the past 40 years have proved the petrolifer- 
ous charaster of the Triassic in several places, but no oil has been produced com- 
mercially. 


SOUTH AFRICA 

The Government of South Africa has spent some money on exploration during 
the war. Two wells were drilled on the south side of the Karroo basin, where the 
sedimentary rocks belong to the upper Paleozoic-early Mesozoic Gondwana 
series. One well, in the Laingsburg district, was drilled more than 9,000 feet in 
depth with negative results. 


TABLE V 
Wor.LpWIDE GEopHysICcAL ACTIVITY IN 1946 IN CREW 
Country Seismic Gravity 

Alaska ? ? ? 
Canada 96 13 
United States 4,210 1,656 239 _ 

exico 92 48 — 12 
Bahamas 2 40 10 — 
Cuba 14 24 
Dominican Republic 12 _ 
Venezuela 341 147-5 14 
Colombia 138 63 9 — 
Ecuador 12 10 _ — 
Argentina 72 36 12 _ 
Brazil 24 12 
England 12 4 
Germany 30 — 
Russia ? ? ? ? 
Egypt 8 11 
Syria — I 
Cyprus 6 6 
Iraq 7 12 Ir = 
Trucial Coast — 6 6 — 


* These are minimum figures which are perhaps exceeded in some countries, and a minor amount of geophysical work 
may have been donein countries not listed. 
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TABLE VI. Wortp CrupE-O1L PropucrION—BARRELS 42’S 
(Partly Estimated) 


Cumulative Daily Average 


through 
1946 1039 1946 
United States 33, 223,058,000 3,465,640 4,747,000 
Canada 115,986,000 20,664 19,900 
Cuba 325,000 = 55° 
Mexico 2,255,142,000 117,203 135,000 
Other North America 406,000 
Total North America 35594,917,000 3,603,516 4,902,450 
Venezuela 3,612,074,000 562,820 1,064,900 
Colombia 388, 210,000 64,835 
Trinidad 328, 369,000 53,541 55,000 
Argentina 363,737,000 50,909 50,875 
Bolivia 3,479,000 5890 1,000 
Brazil 258,000 _ 200 
Ecuador 39,500,000 6,461 6,500 
Peru 343,351,000 37,007 34,150 
Total South America 5,078,978, 000 776,261 1,278,875 
Total West. Hem. except U.S. 71450,837,000 914,128 1,434,325 
Total Western Hemisphere 40,673,895,000 4,379,767 6,181,325 
Albania 9,213,000 3,027 1,000 
Austria J 43,912,000 2,580 11,875 
Czechoslovakia 3,900,000 325 525 
France 14,042,000 1,370 1,100 
Germany | 84,498,000 12,823 12,525 
i Great Britain 3,502,000 88 1,125 
4 Hungary 34,603,000 3,069 14,100 
; Ital 3,199,000 241 250 
Netherlands 479,000 1,200 
f Poland* 269,850,000 9,058t 2,200f 
i Roumania 1,144,867,000 127,141 86,000 
: Yugoslavia 2,374,000 1,0c® 
i Total Europe except Russia 1,614,439,000 150,722 132,900 
Egypt 97,823,000 12,706 25,150 
Iraq 344, 246,000 82,070 96,650 
Tran 1, 587,903,000 202,611 402,200 
Bahrein 77,896,000 20,701 20,000 
Arabia 111,644,000 10,778 162,525 
26,000 
uwait 6,889,000 18,875 
4 Other Africa 557,000 
Total Near and Middle East 2,227,074,000 329,055 725,400 
' Burma 282,059,000 21,570 2,000 
China 2,922,000 2,000 
| India 49,384,000 6,375 7,000 
i Japan 93,143,000 6.471 35925 
5 Total South and East Asia 427,508,000 34,416 14,925 
; British Borneo | 120,797,000 19,383 10,000 
} Neth. East Indies I,109,1II,000 160,554 25,000 
Total Oceania I, 229,908,000 179,937 35,000 
Total East. Hem. except Russia 5,498,929,000 703,130 908,225 
Total foreign except Russia 12,049,766,000 1,617,258 2,342,550 
Russia and Sakhalin* 5,587,132,000 611, 310§ 450,000]| 
Total foreign 18, 536,898,000 2,228,577 2,702,550 
Total world 51,759,955,000 5,694,226 75539,550 


* Eastern Poland included with Russia commencing 1941. 
+ Pre-war territories. 
Western Poland only. 
Includes Soviet share of Sakhalin (8,900 barrels per day). 
Includes all Sakhalin and eastern Poland (approx. 23,000 barrels per day). 
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PALEOGEOGRAPHY OF SOUTH AMERICA! 


L. G. WEEKS? 
New York, N. Y. 


ABSTRACT 


The major features of the geologic framework of the continent are outlined. Attention is called 
throughout the paper to the many similarities in the continental framework and geologic history of 
South America with those of North America. 

The change in paleogeography and facies from Cambrian to Pliocene inclusive is pictured on 15 
paleogeographic facies maps selected to show the principal sedimentary overlaps. Intervening changes 
and conditions, the progress of transgressions, and the fundamental transitions in the architecture 
of the continent that caused or conditioned the paleogeographic and facies changes are briefly re- 
viewed. 

The major events as interpreted from the stratigraphy, structure, and other features of the geol- 
ogy are the following. 

1. Late Proterozoic diastrophism. 

2. Upper Cambrian marine transgression and wide-spread late Cambrian—early Ordovician 
sedimentation, with less extensive deposits of Middle and later Ordovician and early Silurian time. 

3. Main Caledonian orogenies of late Ordovician to Silurian, and a general withdrawal of the seas 
during much of the Silurian. The best developed Silurian seaways, as in North America, are apparently 
in the eastern part of the continent. 

4. Marine advance in late Silurian and Lower Devonian. Anextensive development of Lower De- 
vonian sediments, which embrace the major part of the Devonian age sediments of South America. 
However,a Middle Devonian marine invasion spread through the Colombia-Venezuela and Amazon 
troughs and southward down the Cordilleran trough at least as far as 20° S. Lat. 

5. Upper Devonian sediments are unknown in South America. Mississippian marine sediments 
occur in the West-Central Argentine embayment and at least locally in the Colombian seaway; and 
they may yet be found in the Cordilleran trough of Peru and Bolivia, where continental beds of Mis- 
sissippian and probably also Pennsylvanian ages occur. 

6. Mid-Pennsylvanian marine sediments are known locally in the Cordilleran trough, but the 
first major marine advance following the Devonian began in the late Pennsylvanian and persisted 
through the early Permian. It covered approximately the same areas that were occupied by Devonian 
seas. Glaciation occurred south of about 20° S. Lat., and its deposits are interfingered with both ma- 
rine and continental sediments in the southern areas. Less extensive, mainly continental sedimenta- 
tion of later, possibly mid-Permian age, locally carrying glacial deposits in the south, rest discon- 
formably on early Permian. 

7. Marine sediments of Upper Permian and Lowerand Middle Triassicage are not recognized on 
the continent. Some plant- and coal]-bearing beds in Peru are thought to be mid-Triassic. 

8. The sea advanced from the west in the Upper Triassic into the basins occupied by Permian sed- 

imentation. The marine sediments interfinger with and change to a continental facies toward the 
— of the advance. These continental clastics overlap beyond those of the Permian in many 
places. 
9. Anew pattern of geosynclines, whose formation began along the belt of the present Cordillera 
in the Triassic, is occupied by Jurassic sediments whose main seas existed in the Lias, Bajocian, and 
Callovian ages. Barred basins developed in these geosynclines. These were sufficiently closed to de- 
posit salt and anhydrite in the Oxfordian stage. 

10. A re-advance of the sea in the late Jurassic, Tithonian, spread sediments of Tithonian and 
early Cretaceous Neocomian stages through somewhat more extended areas of the western geosyn- 
clines, opening southward through Tierra del Fuego, and also extending for the first time across the 
northern part of the continent. 

11. Inthe Aptian-Albian-Lower Cenomanian (Comanche) ages of the Cretaceous the Cordilleran 
seaways enlarged in the northern and northwestern areas and receded toward the new southern Pata- 
gonian embayment. A marine embayment appeared for the first time in the Bahia area of the Brazilian 
coast. 

12. A withdrawal of the seas in the Cenomanian was followed in late Cenomanian and Turonian 
time by a wide marine advance over the areas of Aptian to early Cenomanian sedimentation. Deposits 
of this sea are most prominently developed in the Turonian and lower Senonian stages. As a pre- 


1 Read before the Association at Los Angeles, March 26, 1947. Manuscript received, May to, 
1947. Published by permission of the Standard Oil Company (New Jersey). 


2? Chief research geologist, Standard Oil Company (New Jersey). 
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liminary to the uplift of the Andes, the over-all slope of the continental platform, which had been 
largely westerly during the Paleozoic and lower Mesozoic, began to take a more level stand. As a 
consequence extensive, largely fresh-water lakes spread over the interior of the continent during the 
Upper Cretaceous. 

13. Two or more relatively minor to locally more severe movements affected the continent in 
the late Cretaceous. The first caused a retreat of the sea in the Upper Senonian. In many parts of 
South America, as in other parts of the world, a well defined hiatus separates the Tertiary from the 
Cretaceous. However, the seas advanced into the deeper parts of the troughs and embayments to de- 
posit sediments of late Senonian to Paleocene stages. 

14. The first major Andean orogenic movement of the Tertiary occurred in post-Paleocene, early 
Eocene time. A marine advance followed which spread widely in the middle Eocene, and there were 
further lesser retreats and prominent readvances in the upper Eocene. 

15. A second major Andean movement had its climax in early Oligocene. This was followed 
by sea advances of middle Oligocene to early Miocene time. 

16. The Oligo-Miocene deposits spread headward and inland and continued upward through 
the middle Miocene into brackish and still more continental facies, while they remained marine in 
character in more restricted episeas of the continental margins. 

17. Upper Miocene brought a further general retreat of seas and a drying-up of interior areas pre- 
liminary to a third major Andean orogenic-epeirogenic movement in late Miocene. 

18. The seas readvanced into certain local embayments and marginal areas in the Pliocene. 

19. Continental deposition continued along the Andean front in the Pleistocene as the fourth 
major Andean movement raised the Cordilleras to approximately their present conformation. Glacia- 
tion developed in the higher mountains and was general over southern Patagonia. 

20. Taphrogenic breakdown and general subsidence of continental border areas and belts, which 
began in the Mesozoic, became more pronounced in the late Tertiary and Quaternary. 


INTRODUCTION 


Our understanding of the geology of the earth or any part of it is constantly 
undergoing change. This condition of change and growth as new facts come to 
light is one that is common to all sciences. Every geologic map is, in effect, a 
progress map, imperfect and vulnerable. Paleogeographic maps of South America 
for 20 principal deposition overlaps or units of sedimentation from the Cambrian 
to the Pleistocene were prepared by the writer 7 years ago in the course of 
developing similar broad regional studies of the earth. The accompanying maps 
incorporate various subsequent revisions and no doubt will require many more. 
With few exceptions, concerned particularly with certain parts and areas of the 
lower Paleozoic, it is felt that future revisions will be more in the nature of a re- 
finement of detail and of facies distribution than in respect to the existence and 
general outlines of the major seaways and embayments. 

The compilations are based on 22 years of growing familiarity with the geology 
of South America, about 15 years of which were spent in field study of many parts 
of the continent ranging from the Caribbean on the north to Tierra del Fuego on 
the south. In addition to this first-hand source of information the writer is greatly 
indebted to his colleagues in the field and to many sources of published infor- 
mation. A selected bibliography of several hundred papers, books, and other pub- 
lications is appended for those who care to enquire more deeply into the geol- 
ogy of the continent. No doubt other good papers exist that have escaped the 
writer’s attention. 

The writer is not a paleontologist. Hence he is much indebted to the paleon- 
tologists, particularly to those who are also stratigraphers and who are able to 
rationalize their findings by fitting them into the broad regional picture of strati- 
graphic similarities and facies changes and the fourth dimension, geologic time. 
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There is no area of the earth, large or small, and no problem in geology that can 
not be better understood when it can be visualized against a broader background. 

In covering a subject as vast as that here involved within the limits of space 
and time available, only the barest outline can be presented. The paleogeog- 
raphic maps are selected to picture the principal units of sedimentary overlap 
or “layers of geology.” These chapters are fitted into the geologic story of the 
continent after we take a brief look at the continental framework with the aid of 
Figure 1, which shows the present structural (in contrast to original sedimentary) 
basin areas of the two Americas. 


CONTINENTAL FRAMEWORK 


The geologic framework of the continent of South America bears many simi- 
larities to that of North America. Chief of these are the following. 

1. The right-angle triangular shape. 

2. The great central stable shield or continental nucleus—Canadian shield in 
North America and Brazilian shield in South America, each covering a vast area 
in the northeast-central part of the continent. 

3. The long mobile belt, consisting of asymmetric geosynclinal troughs and 
borderlands, which fringed the forelands of the stable shield areas on the west 
throughout most of geologic history and which, through a series of orogenies, de- 
veloped into the lengthy Cordilleras of to-day. 

4. The development of mobile belts, now marked by the southwest-trending 
so-called Brazilides of eastern Brazil and the middle Argentine ranges, that are 
broadly similar in respect to position, age, and trend, although on a very much 
lesser scale of development, to the Appalachian-Ouachita-Llanoria belts in North 
America. 

5. The remarkable similarity of the West Indian arc, connecting North and 
South America through southern Mexico, northern Central America, the Greater 
and Lesser Antilles, and the northern Trinidad and Venezuelan coast ranges, with 
the southern arc which connects Antarctica with South America through Tierra 
del Fuego, Burdwood, South Georgia, South Sandwich, South Orkneys, South 
Shetlands, and the Antarctides. (It is evident that the connection between the two 
continents through Central America is not that of the ordinary tectonic mobile 
belt of the crust. As just stated, the tectonic mobile belt connection clearly fol- 
lows the arc of the Antilles into its Andean continuation in South America. The 
more direct connection through Central America is rather clearly that of a vol- 
canic bridge across the easterly embaying Pacific-Caribbean plate. The basic 
lavas forming that bridge and the similar lavas comprising part of the foundation 
of the Antilles rose incidental to the collapse of the Pacific-Caribbean areas. This 
collapse and the extravasation of the basic volcanic lavas to form the bridge 
occurred since the Cretaceous, just as the thousands of Tertiary-Quaternary vol- 
canic islands and island ridges throughout the Pacific region rose during the same 
period which, on balance, was one of subsidence of the ocean plate.) 
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6. The similar spread of seas over the forelands and interior shield areas at 
similar periods from the major troughs and seaways that lay in the main on the 
west and southwest. Seas entered also at certain periods on both continents from 
the northeast and/or northwest. 

7. The similar changes in general pattern of the paleogeogtaphy (shown on 
the accompanying maps in the case of South America) from that of the Paleozoic 
to that following the Triassic. On both continents new Mesozoic-Tertiary geo- 
synclines opened along the backs or hinterlands of the Paleozoic mobile belts, 
extending from beyond Japan through southern Alaska and through western 
North and South America. : 

8. The high plateau-like widening and westward bulge in the region of the 
middle Cordilleras on both continents. 

9. The marine overlaps of Cretaceous-Tertiary age from the east and south- 
east on both continents. These overlaps developed with the uplift of the Cordil- 
leras, which brought about a change in the over-all tilt or surface slope of both 
continental blocks from the westerly one that was generally prevalent prior to 
the Cretaceous to an easterly or southeasterly slope subsequent thereto. 

10. The subsidence, largely occurring during the period from late Cretaceous 
to the present, of the hinterland belts of the Cordilleras beneath the waters of the 
Pacific along the coasts of both contiennts. 

Numerous other similarities exist, many of which will be mentioned. However, 
there are differences of interest. One is the fact that, with few exceptions, the ex- 
tent and the depth of epeiric seas was somewhat less in South America than in 
North America. Likewise marine conditions in South America were less prevalent 
or continuous and there was a lesser volume of sediments left by the seas than in 
the northern continent. Another difference is the fact that, relative to North 
America, there is a very low representation of carbonate rocks in the basin sedi- 
ments. 

ALGONKIAN 

Deposits of the Algonkian or late pre-Cambrian are difficult to differentiate 
in many cases. The picture is obscured by the fact that sediments of many ages 
up to even Triassic, Jurassic, and Cretaceous have been called pre-Cambrian at 
one time or another. Usually considered a part of the Algonkian are a series of 
highly metamorphosed sediments, including huge deposits of high-grade iron ore, 
deposited in an ancient north-northeast trending geosyncline in eastern Brazil. 
Other iron-ore deposits occur in Venezuela south of the Orinoco. These occur- 
rences recall that of the Lake Superior iron ores of similar age. Southward along 
the same trend in Brazil and Uruguay, in northern Paraguay, in southwestern 
Matto Grosso, and in the Andean belt of northern Argentina, Peru, and Bolivia 
occur old metamorphics which have been considered as pre-Cambrian in age but 
part of which may very well be younger. Other local occurrences, particularly in 
southern Brazil and Uruguay, sometimes placed in the early Paleozoic, fit more 
logically in the late pre-Cambrian. 
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CAMBRO-ORDOVICIAN 


As in North America the widest extent of the Cambrian seas was in the upper 
or late Cambrian. In fact, no lower Cambrian has been identified in South Amer- 
ica. Latest Cambrian and/or lowermost Ordovician marine sediments are known 
in the Macarena and neighboring parts of south-central Colombia. Ordovician is 
present in the Merida Range of western Venezuela, at Puerto Berrio in the Mag- 
dalena valley of Colombia, and seems to be also represented at other places in 
northern Colombia. An Ordovician age is probably represented in the early 
Paleozoic sediments of southern Ecuador. 

Middle and, particularly, Upper Cambrian marine sediments are known along 
the eastern Cordillera of Bolivia. This marine invasion transgressed southward 
into northern Argentina where it embayed in a less marine facies. Transgression 
continued in the Ordovician in the Cordilleran and pre-Cordilleran belt of Argen- 
tina, Bolivia, and Peru. 

Various marine advances and retreats are indicated, but the principal Ordovi- 
cian occurrences are lower and Middle Ordovician in age. Consisting largely of 
graptolite shales in the north, there is a change to a more sandy facies southward; 
while farther south, in the somewhat detached San-Juan-Mendoza area of west- 
central Argentina, where the beginning of a Paleozoic connection with the Pacific 
apparently existed, there occurs a well known calcareous facies. 

Cambrian faunas of the Cordilleran belt are said to show affinities particularly 
with the Pacific North American province, but rather early in the Ordovician 
faunas appear which indicate affinities with Atlantic-European waters. Possibly 
connections existed from the north through the Caribbean, from the east across a 
developing Amazon geosyncline, and across the middle of the continent through 
Brazil where early Paleozoic sediments of still insufficiently defined age occur. 

In 1942 Middle Ordovician graptolite shales were identified in the center of a 
domal uplift in northeast Peru near the Brazilian frontier, further suggesting that 
the Amazon Paleozoic geosyncline may have developed this early in the Paleozoic 
era. Indeed, the 1938 geologic map of the Ministry of Agriculture of Brazil 
shows the oldest sediments of the Amazon trough as questionably late Cambrian 
and they similarly map large areas of still insufficiently studied sediments ex- 
tending across middle and eastern Brazil. Wherever early Paleozoic sediments 
are present in many parts of the world the Ordovician is commonly prominent. 
For this reason and also from the fact that the Ordovician seas were more wide- 
spread than the Silurian or post-Caledonian seas in other parts of South America, 
it is felt that the Ordovician will be found represented in many of the occurrences 
of pre-Devonian age in Brazil. 

Some of the older sediments of Brazil and Uruguay, occasionally mapped as 
early Paleozoic, may be late pre-Cambrian. However, it is the writer’s opinion 
that, in the absence of recognizable fossils, geologists in general are apt errone- 
ously to ascribe too great an age to sediments that show a high degree of meta- 
morphism. This error has been made in South America with respect to highly met- 
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amorphosed sediments, even as young as the Cretaceous, where these happen to 
occur in a belt that once was highly mobile. 

No paleontologic evidence of Paleozoic deposits has yet been found in the 
Patagonian Andes or at any other place in South America south of 38° S. Lat. 
But in the South Orkneys, about 700 miles southeast of Cape Horn, Middle Ordo- 
vician species of arthropod and of graptolite are reported to occur in sediments 
that have been altered to slates. 


SILURIAN 

It is principally the lower and the very latest Silurian that is found in South 
America. The early Silurian is present in the deeper parts of the Cordilleran sea- 
way, particularly in Peru and Bolivia, as a continuation of the Ordovician grapto- 
lite-bearing sediments. It also occurs in the lower Amazon trough where it had 
possible connections westward, as shown, with the seas of the Cordilleran belt. 

The extensive Bambuhy and older series of east-central Brazil have, by some, 
been considered Silurian in age, based on a very meager and insufficiently studied 
fauna. The writer feels certain on the basis of paleogeographic, stratigraphic, 
lithologic, and structural considerations, that these series are pre-Devonian. They 
may very well be Lower Silurian or Ordovician in age, or both. The paucity of 
fossils may be in part due to a semi-flysch character of much of the sediments, 
which were probably largely derived from the eastern mobile borderland and 
hinterland belt. 

As is the case in North America, the Silurian of South America may have its 
best or widest development in the eastern part of the continent. Sediments pos- 
sibly Silurian in age occur in Matto Grosso and westward. There are indications 
of a possible connection between the Amazon and Cordilleran troughs across the 
Beni area of northern Bolivia. The extension of the Silurian seaway shown on the 
map across southern Brazil and Uruguay is very questionable. 

The sea appears to have withdrawn extensively or completely from the present 
area of South America during much of the Silurian, probably in response to the 
Caledonian (Taconic) movements that so widely affected the earth. In latest 
Silurian time a readvance of the sea occurred which continued through the Lower 
Devonian. These sediments occur in the Cordilleran trough of Peru, Bolivia, and 
Argentina and in the trough then developing across middle Argentina, and they 
probably are represented in the eastward transgressive advance of the Bolivian 
sea across Paraguay toward the Parana basin of south Brazil and north Uruguay. 

There are insufficiently confirmed indications that Silurian sediments are 
present in the Cordilleran belt of Colombia in the same trough belt occupied by 
the Cambro-Ordovician. 

DEVONIAN 


The sea advance which began in latest Silurian time spread eastward through 
the Chaco and Parana basin areas and along the middle Argentine seaway and 
remained throughout the Lower Devonian. In the Cordilleran trough area of 
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Bolivia and south Peru thousands of meters of flysch-type sediments accumu- 
lated. These were derived from lands newly raised by the Caledonian orogenies. 
In Bolivia and Peru sedimentation extended into the Middle Devonian. As a 
result of the Caledonian deformation in central Argentina the Cordilleran De- 
vonian sea did not extend as far southward as did that of the Ordovician. In 
Brazil the Devonian consists of a prominent basal sand, overlain by shales which 
become somewhat more sandy at the top. Devonian sediments of South America 
are largely clastics, shales, and sands. The Lower Devonian sea spread also 
through the Amazon trough, and far toward the south it covered the Falkland 
Islands. 

In addition to its occurrence in the central Cordilleran area, Middle Devonian 
is also present in the Amazon trough; and only Middle Devonian has so far been 
recognized in the Colombia-Venezuela trough, where, however, the occurrences 
are fairly widely distributed. Middle Devonian has not been recognized south of 
20° S. Lat., unless a sandy facies which conformably overlies the lower Devonian 
shales in the Bolivian pre-Cordillera is of that age. Very recently field studies in 
the Maranhao basin, shown on the Devonian and on the Upper Carboniferous- 
Permian maps extending southward from the area of the mouth of the Amazon, 
revealed the presence of a Devonian marine fauna; hence, a Devonian embay- 
ment apparently extended into this area. 

Lower Devonian faunas of all basins south of the Amazon basin have a char- 
acteristic, related austral or southern aspect. The Amazon basin Lower Devonian 
sediments contain a similar fauna but with an admixture of northern forms. The 
Middle Devonian of Colombia, of the Amazon basin and of Bolivia, while varying 
in ecologic conditions, all contain a related and essentially northern fauna, though 
in Bolivia there are thought to be present certain descendants of southern Lower 
Devonian types. 

Upper Devonian time apparently found the seas withdrawn everywhere, 
though limited deposits of that age may yet be found in the areas of Middle or 
earlier Devonian sediments, especially in the troughs of greatest subsidence. 


MISSISSIPPIAN 


After the withdrawal of the Devonian seas from the area of the present con- 
tinent South America remained above sea-level throughout the Mississippian 
period. Recently well developed Mississippian marine sediments have been 
identified in San Juan and Mendoza in the embayment that extends eastward into 
west-central Argentina. As we have seen, this was a more or less continuous em- 
bayment. Pentremites and other Mississippian marine fossils have been reported 
in north-central Colombia. 

In the Cordilleran belt of Peru and Bolivia sediments are present which are 
thought to be Mississippian in age. These appear to be largely continental in 
facies, but it appears not improbable that marine representatives will be found 
in the deepest parts of the belt of sedimentary troughs. An occurrence of question- 
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able Lower Carboniferous sandstone has been reported near Monte Alegre in the 
Amazon trough. 


UPPER CARBONIFEROUS-PERMIAN 


Middle Pennsylvanian marine sediments and certain other marine and con- 
tinental beds, less well defined in age, are known in the Cordilleran geosyncline of 
Peru, Bolivia, and northernmost Argentina. However, the first widespread ad- 
vance following the retreat of the Devonian seas was of late Pennsylvanian-early 
Permian, or approximately Wolfcamp age. It has been common in the past to 
refer loosely to sediments of this age as ‘Upper Carboniferous.” Deposits of this 
age form one of the most widespread overlaps of the continent. They cover ap- 
proximately the same area as did the Devonian seas. In contrast with the 
Devonian, however, continuously marine sediments were deposited only in the 
deeper western parts of the Cordilleran troughs and in the Amazon geosyncline. 
Over the eastward extension of the Peru-Bolivia embayment, across the Chaco 
and Parana basin areas the sediments have partly a continental-sea to brackish- 
water aspect, with only temporary intercalations of a true marine character. 
Southward, in middle Argentina, the formations are of an even more continental 
character, and the only marine sediments appear in the Cordilleran area of west- 
central Argentina and middle Chile. 

The Cordilleran trough marine facies of Peru and northwest Bolivia consists 
largely of shales and sands and Fusulina-bearing limestones. Southward and 
eastward the limestones rapidly disappear, and the amount of sand and silt in- 
creases. In Argentina and southern Bolivia, and eastward through the Parana 
basin, glacial sediments appear at certain intervals in these beds. These locally 
faceted and striated but more commonly partly rounded constituents, as well as 
the accompanying finer clastics, were derived from neighboring highlands of 
eastern Brazil and of Argentina and Uruguay on the south, where glaciers de- 
veloped in this, the so-called Gondwana ice age. In the marginal areas of Brazil 
and Uruguay and in the southern areas in Argentina these sediments are largely 
terrestrial or fresh-water in origin. They contain the characteristic Gangamop- 
teris or Gondwana flora of the southern hemisphere, and associated coal beds. 
But in the deeper parts of the basins in southern Brazil, Uruguay, Paraguay, 
southern Bolivia, and northern Argentina the clastics were carried by streams and 
sometimes directly by glaciers or icebergs into waters that were in large part 
marine, and they contain a marine fauna. 

The Amazon basin sediments, which make up a large part of the section in 
that basin, are of a similar, late Carboniferous to early Permian age, but the 
faunas are said to show a much closer affinity to those of North America, though 
still containing some of the forms of the Cordilleran trough. In northwest Peru 
and southern Ecuador occur marine shales and other sediments of this age in good 
development. Northward, in Colombia and western Venezuela, marine late 
Carboniferous-early Permian is locally very well developed. Continental beds 
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also occur which contain the remains of a land flora. Far toward the south, 
Carboniferous continental glacial deposits overlap the Devonian in the Falkland 
Islands. 

A controversy has long raged over the age of the Gondwana glacial deposits of 
South America. Some have preferred to place them in the late Carboniferous, 
others in the mid-Permian. In Bolivia and Argentina and in Paraguay, Uruguay, 
and Brazil there is a later series of Permian beds which we believe may be mid- 
Permian or approximately Leonard in age, which is also the age given for some 
post-Wolfcamp Permian marine beds locally present in Peru and in Colombia. 
These later sediments of Brazil and other southern areas were deposited in an 
interior sea of similar outline to that of the earliest Permian, but they are most 
predominantly of fresh-water character. In many places over the areas these 
deposits are seen to rest disconformably on the older Gondwana sediments with- 
out noticeable difference of dip. In Brazil and adjoining areas a widespread zone 
of pyrobituminous shales, generally known as the Iraty shales, occurs in these 
deposits. In numerous outcrops in Argentina and southernmost Bolivia well 
faceted and striated clastics of a distinctly glacial origin occur approximately 
near the middle of this upper series and prove the existence of a second period of 
glaciation in those areas. 

TRIASSIC 


By the close of the Paleozoic the seas had completely withdrawn from the 
area of the continent and do not appear in evidence again until Upper Triassic 
(Keuper) time (Carnian and Norian stages). Some plant- and coal-bearing de- 
posits in Peru have been considered mid-Triassic. In South America then, as in 
North America and many other parts of the world, the most widespread deposi- 
tion occurred in the Upper Tr assic. 

Marine Upper Triassic of the Carnian and Norian stages occur in limited de- 
velopment in southern Ecuador, Peru, and Bolivia. No Triassic marine deposition 
is known in South America below these stages. The most characteristic marine 
Triassic formation is a limestone which is locally bituminous and commonly 
dolomitic and cherty, with silicified fossils and nodules. Eastward and southward 
(and to a much greater extent than in the late Carboniferous-early Permian) 
the Upper Triassic sediments become continental. 

Marine intercalations of thin limestones, together with marls, silts, and shales 
occur in the upper Passa Dois of the Parana basin of Brazil and Uruguay. There 
has been much controversy over the age of the Passa Dois. It is a perfectly con- 
formable sequence. Yet, while the lower part has always been recognized as 
Permian some of the marine intercalations above were definitely considered to be 
Upper Triassic on the basis of the contained faunas. A recent restudy of these 
faunas in Brazil has resulted in the conclusion that they are Permian and not 
Upper Triassic. 

Definitely established Upper Triassic sediments disconformably overlie the 
zone of marine intercalations. These consist of silts and sands, and the Triassic 
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sequence closed with a widespread heavy-bedded sand deposition. Extensive 
basic flows are intercalated in the upper part of and follow this prominent sand- 
stone. The Triassic of Brazil contains a flora and a reptilian fauna which indicates 
its Upper Triassic age. 

In central and western Argentina Triassic continental sands and other clastics 
disconformably overlie and, in some areas, overlap beyond the Permian deposits. 
These continental clastics grade westward into marine Upper Triassic sediments 
of the Chilean trough. As shown by the maps, this trough was now becoming 
more prominent, and it continued so through the Jurassic and much of the 
Cretaceous. The Triassic fauna of South America appears to be mostly of a 
Pacific character and is related to the western Trias of North America. 

No marine Triassic is known north of southern Ecuador. However, north- 
ward, in Colombia and western Venezuela, certain red and varicolored clastics, 
commonly referred to as the Giron series, probably are in part Upper Triassic in 
age. Characteristically, these sediments contain volcanic lavas and tuffs, as do 
so much of the late Triassic rocks of South America, and as do many of the 
westernmost deposits of North America. 

In British Guiana, southern Venezuela, and adjoining parts of Brazil occur 
the prominent Roraima sandstone mesas with associated basic lavas. These 
sandstones are similar to the widespread late Triassic sandstones of central and 
soutkern Brazil; and the associated trap flows in the various areas are mineralogi- 
cally similar. It is believed that the Roraima sandstones, as well as certain similar 
mesa-forming sandstones on the west in Colombia are, accordingly, Upper Trias- 
sic in age, though they may be somewhat younger. 

The volume of the basic, but ordinarily olivine-free trap flows centering in 
south Brazil is probably the largest recorded on present lands in the earth’s 
history. The main part of these flows spread over a maximum width of nearly 
1,000 kilometers and a length of fully 2,000 kilometers. They cover much of 
southern Brazil, eastern and southern Paraguay, northern Uruguay, and. north- 
eastern Argentina in thicknesses ranging from 100 to more than 1,000 meters. The 
flows are of similar age and mineralogic type as the Palisade flows of the Hudson 
River and certain other Triassic basalts of the western hemisphere. 

Widespread in west-central and southern Argentina and adjacent Chile occur 
other Triassic igneous extrusives of a less basic character. These include porphy- 
ritic rocks, so-called keratophyres, melaphyres, and their equivalent tuffs. Not all 
of these are Triassic in age for this type of intrusive and extrusive activity con- 
tinued in the Jurassic and even somewhat later along the Andean mobile belt. 

The marine and fresh waters withdrew at the end of the Noric. Continental 
deposits in north Mendoza and adjacent areas of west-central Argentina, long 
considered to be Rhaetic in age, are now thought to be eastward equivalents of 
the Upper Triassic marine sediments that lie in the deeper basin on the west. The 
same may be true of most of Triassic continental deposits that occur widely in 
Argentina south of 27° S. Lat. 
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LOWER AND MIDDLE JURASSIC 


In South as in North America, and indeed in other parts of the world, the close 
of the Paleozoic and the opening of the Mesozoic brought a withdrawal of the ex- 
tensive marine waters, together with an increase in continental deposition. At the 
same time there was initiated a new pattern of geosynclinal development which 
we see in the gradual change toward the Jurassic and later paleogeographies. 

By Lower Jurassic (Lias) time the new Chilean geosyncline, which shows de- 
velopment on the Triassic map and even earlier, attained prominence. It ex- 
tended for a distance of 30° of latitude, or from about 15° to 45° S. Lat. The geo- 
syncline was much wider than that shown on the map, which reflects the effect of 
the considerable post-depositional folding of the Andes. It is not certain, but pos- 
sible that the Chilean geosyncline connected with that shown on the north in 
Peru. 

Deposition was not continuous in the Chilean and Peruvian geosynclines 
during the Jurassic. Lias shales and limestones covered the greater part of the 
areas outlined. There was some withdrawal of the seas in the upper Lias, partic- 
ularly in Peru. Marine Lias is known at El Banco in Colombia. This sea probably 
extended in along the main western trough of the embayment. The continental 
Giron beds in Colombia and equivalent beds in Venezuela, already referred to in 
connection with the Triassic, are thought to also include sediments of Jurassic 
age. 

The sea readvanced in the Bajocian age of the lower Middle Jurassic (Dogger) 
over the greater part of the Lias areas of Peru and Chile and appears to have 
overlapped beyond the Lias in northern Chile and southern Peru. The seas then 
retreated again, with the result that the upper Dogger, Bathonian stage of the 
Middle Jurassic, is completely lacking, at least as a marine facies. 

A re-advance in the Callovian age received Callovian stage limestones and 
shales over all of the northern and much of the middle and south-central parts of 
the Chilean geosyncline. Callovian sediments are not definitely recognized in 
Peru. If they were deposited there, as seems quite possible or likely, they may 
have been largely eroded during the diastrophisms that followed. 

The moderate orogenic movements which caused the several marine recessions 
from late Triassic time onward were followed at the close of Callovian time in the 
Upper Jurassic by more severe orogenic movements. These led first to a closing 
off of extensive areas of the sea and the deposition of much anhydrite and/or 
salt and associated sediments in both the Chilean and Peruvian basins during the 
Oxfordian age. The extravasation of much volcanic material on the western side 
of the Chilean trough may have been partly responsible for the isolation of that 
basin. It is of interest, that salt and other precipitates of approximately Oxfordian 
age occur in Colombia, the Isthmus of Tehuantepec, the Gulf Coast of North 
America, and in the Mississippi Valley, in addition to the occurrences in Chile, 
Argentina, and Peru, and in the other parts of the world. 

Corallian and Kimmeridgian stage sediments appear to be largely or com- 
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pletely absent in the geosynclines, though representatives of these stages may 
later be found. The most severe of the Jurassic orogenic movements occurred in 
late Jurassic, possibly Kimmeridgian time. This corresponds roughly with the 
so-called Nevadan revolution of North America. Various low arches, principally 
along the eastern Cordillera of Peru developed at this time. 

As in western North America, the close of the Jurassic in the Portlandian or 
Tithonian age witnessed an extensive readvance of the seas, and a deposition that 
continued on through the early Cretaceous. The paleogeography of the Tithonian 
is shown along with that of the Neocomian on the next map. 


TITHONIAN-NEOCOMIAN 


The transgression which began in the Tithonian or closing stage of the Jurassic 
continued into the early Cretaceous. The paleogeography of the Tithonian and 
the paleogeography of the early Cretaceous (Neocomian) are essentially similar. 
Except for certain limited deposition breaks in Peru and possibly other places, 
they may be treated as a unit. This unit has its approximate counterpart in the 
Pacific belt of North America, in Mexico, in the subsurface of the lower Mis- 
sissippi Valley, in the Wealden of England, France, and Spain, and in other 
regions. 

In the Chilean trough, Tithonian brown and black shales and limestones are 
followed conformably by Neocomian shales, limestones, and sandstones. Most of 
this sequence is marine. During the period the trough rapidly extended south- 
ward from northern Patagonia and probably northward through Tierra del 
Fuego, permitting ingress of southern faunas and mixture with the Indo-Pacific 
faunas that prevailed at this period along the west coast of the Americas. Paleo- 
zoic and early Mesozoic marine sediments have not been definitely recognized in 
southern Patagonia or on Tierra del Fuego. Just as they do in the north Vene- 
zuelan Andes, the Cretaceous formations appear to transgress directly upon the 
crystalline basement, though local occurrences of older sediments may one day be 
identified in the south Patagonian Andean belt. 

In Peru marine sediments of the period occur in good development on the 
coastal belt in the region of Lima. Here the Valanginian and Hauterivian stages 
of the Neocomian are particularly well represented. Eastward, toward the late 
Jurassic arch or arches, which, as already pointed out, developed along the belt 
of the present eastern Cordilleras, there is a change to a mixed marine and con- 
tinental facies bearing some coals. In northern Peru, still little known coals of 
this age occur, which may rank among the most important in volume and quality 
in South America. The earlier Tithonian, largely marine facies is best represented 
in the northern and northwestern part of the geosyncline, while it is mainly the 
Neocomian that extends into the upper part of the embayment south of 9° S. Lat. 
East of the Eastern Cordilleran arch the Tithonian also thins out southward, and 
the Neocomian appears to consist largely of continental red or varicolored clastics, 
including much cross-bedded, possibly in part windblown, sandstones. 

The late Jurassic-Neocomian sea of Colombia also spread eastward from the 
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Pacific, and connected across northern Venezuela and Trinidad. From Trinidad 
to Peru the faunas of the seaways appear to have their main affiliation or connec- 
tion with the Tethys faunas of Europe. While on regional and paleontological 
grounds it appears certain that the Cretaceous seaways extended through 
northern Colombia there is on the basis of present information some question 
whether the area covered by the seas across north Colombia was as extensive as is 
shown on the accompanying four Cretaceous maps. 

In the newly developing Bahia embayment of the east coast of Brazil con- 
tinental or brackish, possibly estuarine sediments of apparent pre-Albian age are 
included on the Neocomian paleogeographic map, though they may be Aptian in 
age. 

APTIAN-ALBIAN-LOWER CENOMANIAN 


The next map pictures the paleogeography of the continent in Aptian-Albian- 
Lower Cenomanian time, which is approximately equivalent to the Comanche of 
the Texas Gulf coast. At the southern end of the continent, the seas had largely 
withdrawn southward of 47° S. Lat., which area from this time onward became 
a prominent center of subsidence and deposition. Northward in this embayment, 
and in the Neuquen-Mendoza area farther northward, marine deposition gave 
way to a more continental facies in this period. 

In the Peruvian embayment the Pacific seas spread inland and southward in 
the Barremian, Aptian, Albian,and Lower Cenomanian, depositing a marine shale, 
limestone, and sand facies. The Cenomanian, though spreading widely south- 
ward in Peru and Bolivia, is not generally of great thickness and is absent in 
many places, probably as a result of erosion during the mid-Cretaceous with- 
drawal of the sea, and subsequently. The base of this transgressive series is a 
prominent beach or near-shore type of sandstone, which appears to transgress 
time as the sea advanced, somewhat as does the Nubian sand facies of similar age 
in the eastern Mediterranean, or as does the basal Comanche sand of the United 
States. 

In the Colombia-Venezuelan seaway a similar marine transgression and 
deposition mark the stages of this period. In the Bahia embayment marine sedi- 
mentation appears for the first time in the Albian. This heralds the beginning of a 
taphrogenic break-down of eastern lands, permitting the sea to reach the present 
coastal area of the continent for the first time since the mid-Paleozoic seaways 
crossed the present coastline. 


LATE CENOMANIAN-TURONIAN-LOWER SENONIAN 


The next paleogeographic map is designed to picture the Upper Cretaceous, 
from the late Cenomanian and Turonian through the lower Senonian. This period 
is approximately the equivalent of the Gulf series in the southern United States 
and of the Benton-Niobrara-Pierre of the Rocky Mountain front. 

In the southern or Patagonian embayment there was marine deposition south 
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of about 47° S. Lat., northward from which there was gradation toward, and 
interfingering of marine with, a brackish and continental facies. The topmost 
sediments of the series in the continental facies areas contain the bones of large 
dinosaurs, as did the late Cretaceous swamps of Coahuila and Chihuahua, Mexico, 
and of Texas and Rocky Mountain basins. 

In the Peruvian embayment the sea withdrew during the Cenomanian. Much 
of the Cenomanian and Turonian appears to be missing over the wide areas of the 
basin. In the northern part of the geosynclines, in north Peru and Ecuador, the 
presence of Upper Turonian marine sediments attests the re-invasion of the sea. 
The sea advanced rapidly through the Upper Turonian and Lower Senonian, 
spreading very widely in these stages when the bulk of the Upper Cretaceous 
sequence of marine shales, sandstones, and limestones were deposited. 

In the Colombia-Venezuelan seaway there was the same mid-Cretaceous 
retreat and re-advance of the sea. The Upper Cretaceous transgression, as in 
Peru, spread more widely over the foreland than did any of the previous seas in 
this region. The backlands were beginning to rise, pushing the principal geosyn- 
cline forward. Embayments in the Bahia and Rio Grande do Norte coastal areas 
of Brazil also received marine deposits during this period. 

As mentioned previously in this review, higher land prevailed in the east and 
lower lands in the west during most of Paleozoic and Mesozoic history. In Upper 
Cretaceous time this situation began to reverse itself as the first incipient Andean 
uplift movements, forerunners of greater movements in the Tertiary, started to 
change the continental surface to a more level position. 

In addition to a much wider overlap of the forelands by the seas, there de- 
veloped, as a result of the levelling process, extensive interior fresh-water lakes, 
in which clastic sediments, but including also some locally occurring calcareous 
beds, were deposited. Principal of these Upper Cretaceous fresh-water deposits 
include the Cayua and Bauru facies of Upper Cretaceous deposits and other 
similar sediments widespread over central Brazil. In Patagonia, also, the levelling 
process is reflected in the far eastward spread of the semi-continental deposits, 
which contain the dinosaur remains in their highest beds. Similar dinosaur-bear- 
ing beds occur in southwest Uruguay and adjacent Entre Rios. 


LATE SENONIAN-PALEOCENE 


The final paleogeographic map of the Cretaceous represents the period of the 
late Senonian through the Danian-Paleocene. At the close of the Lower Senonian 
there was a rather general sea retreat in most areas. In places, such as close to the 
axes of deformation along mobile belts, the deformation was severe; but over wide 
areas the unconformity is not as noticeable or important as that of the main 
Laramide deformation immediately following the Paleocene. The records show 
that there was another marine advance and retreat in the late Senonian-to- 
Paleocene interval on the continent, as seen in Patagonia and in northwestern 
South America. With this general statement we briefly describe the new embay- 
ments and seaways. 
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In the Magallanes area of southern Argentina and Chile marine clastic deposi- 
tion continued during much of the period. Farther northward in Patagonia, in the 
Comodora Rivadavia or San Jorge embayment and in the long northwest- 
trending Rio Negro embayment, marine, brackish and continental beds of late 
Senonian-to-Paleocene age disconformably overlap Lower Senonian in embay- 
ments from the Atlantic. In addition to the disconformity at the base, at least one 
other occurs within the series itself in these embayments. 

Under the city of Buenos Aires basement rocks have been found at about 300 
meters depth. Between it and the Sierra Tandil about 250 kilometers south lies 
the axis of a Miocene embayment. Beneath this we have suggested the possibility 
of existence of a late Cretaceous embayment. 

Farther north on the Atlantic coast marine deposition occurred in the Bahia 
and Rio Grande do Norte embayments and in a very narrow belt along other parts 
of the coast. 

In the Peruvian embayment the sea withdrew at the end of the prominent 
Senonian deposition. In the succeeding basin, which was somewhat more re- 
stricted in width by the now considerably emerged Andean belt on the southwest 
and by emergence of the foreland on the east, there was deposited a series of 
reddish to gray-colored sediments largely brackish to continental in facies but 
embracing certain marine intercalations. The sediments vary in facies and thick- 
ness along the trough of the embayment. From the limited fauna and from strati- 
graphic considerations, these sediments appear to range in age from late Senonian 
to earliest Tertiary or Paleocene. 

The remnants of a trough within the Andean belt of Peru contain thick con- 
tinental beds (such as the Rimac series) which have been considered to be late 
Cretaceous in age, but which are more likely wholly or largely Tertiary. 

Along the Pacific coast of Peru and Ecuador occur latest Cretaceous-Paleocene 
sediments of entirely marine facies. South of Valparaiso on the western coast of 
Chile there is a narrow coastal overlap of marine sediments reported to be late 
Senonian in age. 

In the Colombia-Venezuela geosynclinal belt the late Cretaceous-early 
Tertiary time interval varies laterally in the extent to which it is represented by 
sediments. In places beds as young as middle to upper Eocene or younger rest on 
strata as old as Lower Senonian or older. In other, deeper basin areas this interval 
is partly to largely filled in with corresponding shales and sands bearing late 
Cretaceous to Paleocene marine faunas. An overlap of this period occurs along 
the western part of the north Panama coast. 

Throughout the western hemisphere, and indeed in most parts of the world 
where Paleocene sediments occur, these sediments in their facies and general 
affiliations appear more akin to the Cretaceous than to the Tertiary proper, whose 
first sediments commonly follow in middle Eocene time, or even later. 
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EOCENE 


While early orogenic movements initiating the uplift of the Andean belt oc- 
curred within the Cretaceous, the first major Andean movement of the Tertiary 
period followed the Danian-Paleocene stage and had its climax in the early 
Eocene. This corresponds with the main so-called Laramide movement in the 
North American part of the Cordillera, and to diastrophisms at the same time in 
other parts of the world. 

Except in the deeper basin parts, lower Eocene sediments are not prominently 
developed in most areas. The sea advanced again following the first Andean 
movement and, though interrupted by relatively less important disturbances and 
deposition hiatuses, the middle and upper Eocene witnessed the widest advances 
of the sea and received the bulk of the sediments of the Eocene epoch within the 
present limits of the continent. 

In the southern Patagonian or Magallanes embayment the Eocene appears to 
be represented by a clastic, largely marine facies. In the Comodora Rivadavia or 
San Jorge embayment a continental facies bearing an Eocene land fauna is repre- 
sented. Sediments of the same age are reported in the Rio Negro embayment and, 
though unconfirmed, they may also be present in the Buenos Aires embayment. 
Eocene sediments have been reported to occur in the largely continental facies of 
the Tertiary in the Bahia embayment and along the coastline of Alagoas and 
Sergipe on the north. 

Eocene sediments occur in a thick clastic marine sequence in the coastal em- 
bayments of northwest Peru and in southwestern and western Ecuador. A num- 
ber of disconformable hiatuses are present in these largely middle and upper 
Eocene deposits. While Eocene sediments have not been definitely identified east 
of the Andes it seems likely that they may occur there in a brackish to continental 
facies which had westward connections with the coastal areas. 

Eocene, mainly middle and upper, is well represented by a thick series of 
marine clastic sediments through the basins of northern Venezuela and Colombia, 
with southward embayments of a less marine character. Sediments of similar age 
occur in Panama. 


OLIGOCENE-EARLY MIOCENE 


What may be termed the second main Andean movement had its climax in 
early Oligocene time. This disturbance is commonly marked by a withdrawal of 
the sea starting in late Eocene or early Oligocene and, in many places in north- 


. western South America, by moderate to severe deformation followed by an over- 


lap of middle to upper Oligocene. 

A well defined marine transgression of middle-to-late Oligocene time occurred 
in the Patagonian embayments. Transgression began somewhat earlier toward 
the south and sedimentation reached somewhat greater thicknesses successively 
from north to south in the several embayments shown on the map. There has been 
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some difference of opinion among paleontologists concerning the position of the 
boundary between the Oligocene and the Miocene in many parts of the world. 
In general, in South America Oligocene marine sedimentation continued into or 
through the lower Miocene, though there is some marginal or headward and also 
upward gradation into brackish and continental deposits. 

Little seems to be known of the extent to which transgression and deposition 
of the upper Oligocene-lower Miocene period occurred in the Buenos Aires or La 
Plata embayment. There are indications that the maximum transgression in this 
embayment was somewhat later in the Miocene (see middle Miocene map). Like- 
wise, in the Bahia embayment the age of the largely non-marine Tertiary sedi- 
ments is still uncertain. 

On the west coast of Chile sediments of this period appear to be represented 
in the small Arauco embayment. Marine overlaps of this period are well repre- 
sented in the coastal embayments of western and northwestern Peru and of 
Ecuador. 

In Venezuela and Colombia a prominent Oligocene-lower Miocene sea trans- 
gressed from the northeast and north more or less widely across Eocene and older 
rocks. East of the Andes this transgression extended as a semi-marine to brackish 
and continental facies into Ecuador and Peru, though the existence of archipelagic 
conditions at the time along the Andean belt would have permitted connections 
with the Pacific. Eastward, along the middle and lower Amazon trough, all of the 
Tertiary deposition appears to be continental in character. 


MIDDLE MIOCENE 


The transgression of seas which followed the second major Tertiary orogenic- 
epeirogenic movement of early Oligocene age and which spread through the upper 
Oligocene and early Miocene, continued, with minor interruptions marked by 
lesser hiatuses, through the middle Miocene. Clastic deposition, derived mainly 
from the rising Andean belt, was widespread. Sedimentation was so relatively 
rapid in the middle Miocene basins and embayments that there developed a 
general retreat of marine and brackish conditions from the positions attained by 
the sea advances during the Oligocene and early Miocene. 

The relative extent of this largely continental deposition and the changing 
conditions may be visualized by comparing the middle Miocene map with that 
for the upper Oligocene-early Miocene. Some of the interior continental deposits 
shown on the middle Miocene map may be in part equivalent in age to earlier 
Miocene. 

The extent of the La Plata marine embayment northward and northwestward 
is as yet incompletely determined. In the Oran basin of Jujuy and central Salta 
in northern Argentina the local very high salinity of formation waters indicates a 
temporary isolation of this area. 

Continental deposition continued throughout the pre-Andean and Amazon 
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troughs, while in the embayments of the Pacific coast, conditions remained pre- 
vailingly marine. With the increasing rates of deposition there was also in Vene- 
zuela and Colombia a rather general recession of marine facies toward the deeper 
outer areas of the embayments. 


UPPER MIOCENE 


The increased rate of clastic deposition in the middle Miocene brought about 
a filling of the basins, preliminary to the third major Andean orogenic and epeiro- 
genic uplift which had its climax in the upper or late Miocene. The upper Miocene 
map shows the approximate conditions of upper Miocene time immediately 
preceding this main movement, which in general corresponds with the so-called 
Attic diastrophism of Europe. 


PLIOCENE 


Marine deposition of Pliocene times is rather well developed in many basins of 
Europe and the Mediterranean regions and in other areas of the eastern hemi- 
sphere, as well as in the basins along the western coast of North America. In south 
America, Pliocene marine deposition is restricted to the outer parts of certain 
embayments, though continental deposition continued in the old geosynclines of 
the interior throughout Pliocene and much of Pleistocene time. The largely con- 
tinental sedimentation was brought to a close in all except limited localities by 
the fourth major Andean orogenic and epeirogenic diastrophism which had its 
climax in early Pleistocene time when the seas of the earth withdrew outside the 
present continental shelves along many or most of the coastlines. 

A well defined Pliocene marine embayment was present in southern Patagonia, 
and limited marine deposition of this period occurred in the La Plata embayment. 
On the northern and western coasts of the continent marine deposition was of 


very limited extent during the Pliocene. 


Glaciers developed in Pleistocene time in the southern section of the Cordil- 
leras, and the effects of this period of glaciation are general over the southern half 
of Patagonia. 

Beginning in the Mesozoic and continuing throughout the Tertiary, but most 
particularly in late Tertiary and Quaternary time, there is much evidence of 
taphrogenic breakdown and marked subsidence of the Pacific and Atlantic border 
belts, as well as in the Caribbean-Gulf of Mexico areas. Along the whole length of 
the Andes and in the Mexican, Central American, and Antillean regions, as well 
as in western North America, considerable volcanic activity and extravasation 
of lavas accompanied the mountain uplift and the down-faulting and subsidence 
of border areas beneath the seas. 
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MIDDLE ORDOVICIAN LIMESTONES IN CENTRAL KANSAS! 


HALL TAYLOR? 
New York, N. Y. 


ABSTRACT 


In the subsurface of north-central Kansas, middle Ordovician Viola limestones, named after the 
Oklahoma surface section, are separable, lithologically, into six member zones, three of which are 
cherty. Numbered downward, these zones are designated as (1) upper limestone, (2) upper cherty 
member, (3) middle limestone, (4) middle cherty member, (5) lower limestone, and (6) lower cherty 
or basal clastic member. The upper limestone is dolomitic, occurs beneath the Maquoketa-Sylvan un- 
conformity, and in different places overlies several older zones. The upper cherty member is calcitic 
and limited, in central Kansas, to the northern part. The middle and lower limestones, zones 3 and 5 
are calcitic in the north, becoming dolomitic toward the south. Lying between them, possibly with 
disconformity, is the middle cherty member, zone 4, characterized by black-specked dolomite-bearing 
chert. The lower cherty or basal clastic member, zone 6, includes cherty limestones, sandy in places 
and probably not everywhere coetaneous, which overlie Simpson shales and sands. Most Viola oil 
production comes from zones 4 and s. 

The Viola is over 250 feet thick in the north, but thins toward the south. Zone 5 is the most 
widespread, representing the maximum advance of Viola seas. The overlying members developed in 
less extensive seaways which advanced from the north. Viola beds are truncated on the flanks of the 
Central Kansas uplift, but formerly covered at least part of that structure. They are thinner near the 
Nemaha arch than on the northwest, and are missing locally between the arch and the uplift. 

Lithologic comparisons with tentative correlations by Lee in northeastern Kansas indicate zones 
I, 2, and 3 may be equivalent to the Stewartville (or younger), zones 4 and 5 to the Prosser, and zone 
6 to the lower Prosser or Decorah formations of Iowa. 


INTRODUCTION 


Scope of paper —Ordovician strata occur in the subsurface section over much 
of central Kansas (Figs. 1 and 2). They lie beneath hundreds, even thousands of 
feet of younger beds ranging in age from Recent to Siluro-Devonian, and form 
some of the most important oil reservoirs in the state. 

On the basis of lithology, petroleum geologists have divided these Ordovician 
beds into four major units, names for which are borrowed from outcrops of ap- 
proximately equivalent sections in neighboring states. At the top is a shale of 
upper Ordovician age, called both Maquoketa and Sylvan because its strati- 
graphic position corresponds approximately with that shown by outcrops of those 
formations, the former in Iowa, the latter in Oklahoma. Lying unconformably 
beneath this shale is a limestone belonging in the upper middle Ordovician, and 
originally named Viola because it was believed about equivalent to the Viola 
beds which crop out farther south in the Arbuckle Mountains of Oklahoma. 


1 Manuscript received, September 12, 1946. 


2 Instructor in geology, Columbia University, New York 27, N. Y. Research for this paper, sup- 
ported by a William Bayard Cutting Traveling Fellowship from Columbia University, began in the 
summer of 1940 and continued until October, 1941, when it was interrupted by the war. The work 
was completed following cessation of hostilities and the writer’s release from active duty. During 
progress of the study Professor Marshall Kay of Columbia University gave generously of his time to 
the problems which arose. Professor R. C. Moore, director of the Kansas Geological Survey, provided 
survey equipment and well samples. Robert Carmody of the Gulf Oil Corporation critically read the 
manuscript and offered many helpful suggestions. To these persons and to all others whose efforts have 
made this paper possible the writer extends sincere thanks. 
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Below this limestone there is a succession of lensing shales and sands, some of 
them dolomitic, of lower middle Ordovician age, collectively called the Simpson 
formation after similar strata in Oklahoma. The fourth and lowest subdivision 
belongs in the lower Ordovician, and is the Arbuckle “dolomite,”’ a name also 
borrowed from Oklahoma stratigraphy. 

This paper describes the stratigraphy, structure, and paleogeographic history 
of the limestone section beneath the Maquoketa-Sylvan shales and above the 
Simpson formation in central Kansas. In Oklahoma this section was originally 
named the Viola limestone by Taff.* Subsequently two members, the Fernvale at 
the top and the Bromide at the base, were separated and given formational rank 
distinct from the original Viola. No such separation has been attempted by geolo- 
gists working in central Kansas, and the entire limestone section is called Viola 
though exact correlations with Oklahoma outcrops have not been carried across 
the intervening subsurface areas. The Kansas strata are approximately equiva- 
lent not only to the Viola of Oklahoma, but also to the Kimmswick limestone in 
eastern Missouri, the Galena limestone in Iowa, and the Fremont limestone in 
Colorado, all of which belong in the middle Ordovician Mohawkian series, and 
are principally of Trenton age. In this paper the name Viola limestone is retained 
because of its favor among petroleum geologists, even though the strata are not 
exact equivalents of the Oklahoma Viola beds. 

Lee‘ has carried Kimmswick correlations from Missouri into northeastern 
Kansas. The present paper extends Viola correlations across central Kansas, and 
connects on the northeast with wells described by Lee in Pottawatomie, Wabaun- 
see, and Riley counties. 

Samples from more than 200 holes were studied during preparation of this 
paper, and residues were utilized from many of the wells. Also several hundred 
driller’s logs were examined. In compiling data, the depth measurements written 
on samples were used, and lag or similar corrections were not applied since they 
are normally variable but small, are impossible to determine accurately and do 
not affect the overall stratigraphic picture presented in a region. 

Subsurface structures—Encompassed in this study are about 10,000 square 
miles lying between two structural highs—the Nemaha granite ridge or arch on 
the east and the Central Kansas uplift on the west (Fig. 1, inset). 

The Nemaha Mountains were originally named by Moore,’ and form a north- 
east-southwest trending ridge in the pre-Cambrian basement rocks. The arch rose 
principally in late Mississippian and early Pennsylvanian time. 

The Central Kansas uplift, named by Morgan‘ and later more fully described 


3 J. A. Taff, “Description of the Atoka Quadrangle,” U. S. Geol. Survey Folio 79 (1902), pp. 1-8. 

4 Wallace Lee, “Stratigraphy and Structural Development of the Forest City Basin in Kansas,” 
Kansas Geol. Survey Bull. 51 (1943), pp. 35-40, 60 and 61. 

5 R. C. Moore, “Geologic History of the Crystalline Rocks of Kansas,” Bull. Amer. Assoc. Petrol. 
Geol., Vol. 2 (1918), p. 112. 

®L. C. Morgan, “Central Kansas Uplift,” Bull. Amer. Assoc. Petrol. Geol., Vol. 16, No. 5 (May, 
1932), p. 483. 
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by Koester,’ was a positive area during part of the Paleozoic. It was largely if not 
entirely covered by Ordovician seas, but thereafter probably was partially 
emergent until permanently buried by Pennsylvanian sediments. 

The Salina basin, named by Barwick,® lies between the Nemaha arch and the 
Central Kansas uplift. It formed in the late Paleozoic when tlie rising Nemaha 
arch bisected the North Kansas basin which previously had covered much of 
northeastern Kansas. Within or near the basin are several anticlines, some of 
which are structural traps for oil and gas. The largest, the Voshell anticline, 
crosses central McPherson and western Harvey counties northeast and southwest. 

Terminology.—In describing dolomitic parts of the Viola limestone this paper 
uses the word dolomite as a mineral, not a rock name. Rocks containing pre- 
dominant amounts of dolomite crystals and rhombs are by many called dolomites. 
Herein they are called dolomitic limestones. If calcite predominates the rocks are 
termed calcitic limestones. Thus calcite and dolomite are reserved as mineral 
names; limestone is used as a rock name. 


GENERAL SURVEY 


Stratigraphy.—The Viola limestone of central Kansas is separable, on the 
basis of lithology, into six cherty, calcitic and dolomitic limestone zones (Fig. 
3), with a total thickness exceeding 250 feet in Mitchell County at the north. 

At the top of the section is the upper limestone member or zone 1. It is thin, 
commonly under 20 feet, and is distinguished by an abundance of coarse dolomite 
rhombs and crystals. In north-central Kansas its contact with underlying strata 
is sharp and distinct, but farther south is less clearly defined. Apparently this 
zone directly overlies several Viola members in different parts of central Kansas, 
but its delimitation is based solely on presence of the large dolomite rhombs and 
crystals, criteria which must be considered of doubtful validity. The thinness of 
the zone, and its wide areal extent and superposition upon different underlying 
zones with which, in the south, it has gradational contacts, indicate it may be in 
part a zone of dolomitization beneath the Maquoketa-Sylvan unconformity 
rather than a separate stratigraphic member deposited during a particular sub- 
stage of time. A full understanding of its stratigraphic relationships awaits study 
of the region north of this report. 

The exact areal extent of this zone may not be as shown in Figure 12. In the 
north, where underlying beds are largely calcitic, the zone is easily recognized. 
Farther south, where lower beds become partially dolomitic, the coarse dolomite 
thombs at the top of some Viola sections are interpreted as facies changes in the 
underlying zones, and are not mapped as part of zone 1, but it is recognized this 
practice may have introduced inaccuracies. 


7 Edward A. Koester, “Geology of Central Kansas Uplift,’ Bull. Amer. Assoc. Petrol. Geol., Vol. 
19, No. 10 (October, 1935), pp. 1405-26. ; 

8 John S. Barwick, “The Salina Basin of North-Central Kansas,’”’ Bull. Amer. Assoc. Petrol. 
Geol., Vol. 12, No. 2 (February, 1928), p. 170. 
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MAQUOKETA- 
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= Zone 4. O-lO0O feet jimestone. = 
= Zone DO L 
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basal clastic member limestone containing brown 
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iz SHALE shale with some sand. 
| SIMPSON 
<|sanos & 
© | SHALES 


ey 
Dolomitic limestone fa Sand Chert eS) 
Calcitic limestone Shale 


Fic. 3.—Generalized geologic column of middle Ordovician limestones in central Kansas, with 
lithologic descriptions applicable to thick sections in the north. Lateral changes toward the south are 
described in text. 

Some geologists have tentatively correlated this member with the “Fernvale” 
formation of similar lithology and stratigraphic position in the Oklahoma surface 
section, referring to it as the ‘“Fernvale phase of the Viola.’”’ However, Shideler® 
has shown that the Oklahoma “Fernvale”’ is unlike the Fernvale of the Nashville 
basin, and has proposed that the Oklahoma strata be renamed Ada. He writes in 


part: 


9 W. H. Shideler, “‘Fernvale Correlations” (abstract), Proc. Geol. Soc. America for 1936 (1937), 
pp. 367-68. 
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The typical Fernvale of the Nashville Basin and Wilmington, Illinois . . . is correlated 
with the Elkhorn of the typical Richmond section. . . . The “‘Fernvale” extending from 
Glen Park, Missouri, and Valmeyer, Illinois, to the south side of the Arbuckles in Okla- 
homa. .. [for which] the name Ada is proposed... is tentatively correlated with the 
Maquoketa, but may not even be Richmond. 


In view of the uncertainties regarding correlation of the Fernvale the name 
probably should not be used in Kansas. _ 

The upper cherty limestone member (zone 2) underlies the coarsely crystalline 
dolomitic beds of zone 1. It carries large amounts of brown or gray sharp-edged 
rather smooth chert which is irregularly splotched with white or gray microfossils. 

The middle limestone member (zone 3) is a tan or gray, dense to finely crystal- 
line calcitic limestone which normally contains less than 10 per cent of insoluble 
material. 

The middle cherty member (zone 4) is differentiated by the dark-specked micro- 
fossiliferous rough and smooth chert, dolocastic in residues, which is mixed with 
tan crystalline limestone that is calcitic in the north and becomes partially 
dolomitic toward the south. In the area of its greatest thickness in Mitchell 
County this member is divisible into four zones (A, B, C, and D), which are 
described in the Mitchell County section of this paper. 

The lower limestone member (zone 5) is the most widespread of the Viola zones, 
and is brown or gray crystalline limestone, calcitic in the north but more dolomitic 
in the south. It resembles zone 3, and contains only small amounts of insoluble 
material. 

The lower cherty or basal clastic member (zone 6) is a mixture of limestone, 
chert, and sand. The chert is microfossiliferous, brown and unevenly colored, 
presenting a stippled or minutely mottled appearance with numerous tiny dark 
brown dots in a lighter brown matrix. It occurs in north central Kansas but was 
not observed south of southern McPherson County. However, a second chert 
appears in this southern area at the base of Viola strata. It is brown, microfossilif- 
erous, dolomitic and dark-specked. In some pieces it appears as though filled 
with bits of fine lace; if these microfossiliferous markings are numerous they give 
the chert a stippled appearance. In a few wells, where both of the aforedescribed 
cherts occur, this second chert is stratigraphically lower and lies in Simpson sands 
and shales. But the first described chert occurs in limestones, and belongs in the 
basal clastic zone. The strata of this basal zone are commonly thin, and are miss- 
ing in some wells. They represent the first impure clastic deposits of a limestone 
forming sea as it covered the land. If the term Viola is restricted to the pure lime- 
stone part of the section these beds are pre-Viola. They are discussed in this paper 
because they are chiefly limestones and thus more like Viola strata than under- 
lying Simpson sands and shales. 

Beneath this basal clastic member in many wells there is a green or black 
waxy shale (Fig. 27) of variable thickness, with an appearance which is different 
from the stratigraphically higher spore bearing Chattanooga shales (Fig. 26) or 
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the dolomitic and flaky Maquoketa-Sylvan strata. Udden,! using fossil deter- 
minations by T. E. Savage, was the first to record the Decorah age of this waxy 
shale, which is underlain by Simpson sandy beds (Fig. 28). 

Correlations.—Detailed correlations connecting the central Kansas Ordovician 
limestone section with outcrops have not been published. However, Lee! has 
traced the Kimmswick limestone from Missouri into northeastern Kansas, 
recognizing a three-fold division established by McQueen and Greene” in north- 
western Missouri. Lee extends his correlations westward into Pottawatomie, 
Wabaunsee, and Riley counties where the three divisions include an upper non- 
cherty dolomitic limestone, a middle cherty member (which is itself divisible into 
three units, the middle one of which is non-cherty), and a basal sparsely cherty 
limestone. These three members form a limestone section which is continuous in 
the subsurface with the Viola limestone of central Kansas. The middle cherty 
member of northeastern Kansas is equivalent to the middle cherty limestone 
(zone 4) of central Kansas as described in this paper. The upper non-cherty mem- 
ber of northeastern Kansas fills the part of the section occupied by the upper 
limestone, upper cherty and middle limestone members (zones 1, 2,and 3) of 
north central Kansas, and is believed equivalent to zone 3; and the lower sparsely 
cherty member of northeastern Kansas is probably equivalent to the lower lime- 
stone (zone 5) and possibly the lower cherty or basal clastic beds (zone 6) of 
central Kansas. 

Correlations of the three divisions of the middle cherty member of the 
Kimmswick of northeastern Kansas with the beds of the same member (zone 4) 
in central Kansas are uncertain, but it seems likely that the middle and compara- 
tively non-cherty division of the member in northeastern Kansas is equivalent to 
the relatively non-cherty zone B portion of zone 4 in north-central Kansas. Zone 
A would then be equivalent to the upper cherty division, and zones C and D to 
the lower cherty division of the middle cherty member in northeastern Kansas. 

Assignment of proper outcrop names to the various members has not yet been 
accomplished, and may never be practicable if sedimentary conditions during 
deposition varied so much between outcrop and subsurface areas that correspond- 
ing zones do not occur in both places. But some tentative correlations have been 
advanced by Lee who in discussing the Kimmswick of northeastern Kansas 
writes: 


McQueen and Greene (‘Geology of Northwestern Missouri,” Missouri Bur. Geol. and 
Mines, Vol. 25, 2d ser., 1938, p. 40) divide the Kimmswick of northwestern Missouri into 


10 Jon A. Udden, “Occurrence of Ordovician Sediments in Western Kansas,” Bull. Amer. Assoc. 
Petrol. Geol., Vol. 10, No. 6 (June, 1926), p. 635. 

11 Wallace Lee, op. cit., pp. 60-61. 

12 H. S. McQueen and F. C. Greene, “Geology of Northwestern Missouri,” Missouri Bur. Geol. 
and Mines, Vol. 25, 2d Ser. (1938), pp. 40-42. 

13 Wallace Lee, op. cit., pp. 35, 36, and 37. 


| 
| 
| 
| 
| 
| 
| 
| 


1252 HALL TAYLOR 


three divisions. ... The middle division is very cherty dolomite. . .. McQueen regards 
the top of the very cherty member as the top of rocks of Black River age and believes the 
upper most division to be of probable Trenton age unconformably overlying the cherty 
Black River. 

E. C. Reed, of the Nebraska Geological Survey, and H. G. Hershey, of the Iowa Geo- 
logical Survey, . . . agree that whatever the age of the rocks referred to the Kimmswick in 
northwestern Missouri, these are the same rocks that are classified in adjoining parts of 
Towa and Nebraska as Prosser limestone, which is of early Trenton age and above the Ian 
and Guttenberg rocks. ... 

... The Kimmswick is definitely unconformable below the Maquoketa shale. It seems 
possible that the upper or non-cherty zone is of Fernvale age. . . . 

... Lf the Prosser age of the cherty beds of the Kimmswick is accepted, this [upper- 
most or non-cherty] zone probably represents the Stewartville which is reported by Kay 
(“Ordovician System in the Upper Mississippi Valley,” Kansas Geol. Soc. Guidebook oth 
Ann. Field Conference (1935), p. 295, Fig. 211) to be disconformable above the Prosser. 


Should the Prosser age of the middle cherty division in northeastern Kansas 
be established, it is likely that the members designated as zones 1, 2, and 3 in this 
paper belong in the Stewartville (or younger) sequence, zones 4 and 5 in the 
Prosser, and zone 6 in the lower Prosser or Decorah. 

Structure-—The thickest and most complete Viola section in central Kansas 
lies in Mitchell County and adjacent areas (Fig. 1). The beds thin toward the 
west, south, and east (Figs. 4, 5, 6, 7, 8, 9, 10, and 11), largely through disappear- 
ance of the upper zones (Fig. 12). The strata disappear on the flanks of the 
Central Kansas uplift, and are missing from the top of most of that structure. 
They are gone locally from highs just east of the uplift in Ellsworth and Rice 
counties, from parts of the Nemaha arch in Butler County, and from an area in 
and adjacent to T. 25 S., R. 4 W., in Reno County. 

Over most of central Kansas the beds thin in a rather uniform manner. How- 
ever, in some places, notably the region of the Voshell anticline in central Mc- 
Pherson County (T. 19 and 20 S., R. 3 W.) there is some local thickening of the 
beds, suggesting that relatively thick middle Ordovician sedimentary deposits 
accumulated in areas in which late Paleozoic movements created anticlinal 
structures which are today the sites of very productive oil fields. 

Viola beds over much of central Kansas dip gently into a trough the center of 
which extends north and south through western Ottawa, Saline, and McPherson 
counties, and southwest across Reno County (Fig. 2). This was named the Con- 
way syncline by Koester." In some places dips are modified, steepened and even 
reversed by local structural features. The Welch, Bornholdt, and Smyres oil 
fields in eastern Rice and western McPherson counties lie along the trend of one 
such terrace-like modification in dip. Faulting is uncommon in the area, but along 
a fault zone on the west side of the Voshell anticline in McPherson and Harvey 
counties, beds on the east are several hundred feet higher than those on the west 
(Figs. 2, 6, and 7). 


M4 Edward A. Koester, op. cit., p. 1421. 
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In order to indicate the limitations of the maps (Figs. 1 and 2) accompanying 
this paper most of the wells which provided data are shown. Examination of 
samples from additional wells will indicate’ revisions that are in order for the 
isopachs and structure contours of Figures 1 and 2. In Figure 12 the areal extent 
of the different Viola zones is subject to modification, particularly of zones 1 and 
3. Zone 1 may in part represent dolomitization which has occurred beneath the 
Viola-Maquoketa unconformity, and may include some dolomitic beds belonging 
in zone 3, which as now mapped includes chiefly the calcitic non-cherty beds 
overlying the cherty zone 4. The practice of differentiating zones on the basis of 
dolomitization (or lack of it) is suspect, but more satisfactory criteria are un- 
known for zones 1 and 3. 

Paleogeography.—Viola limestones formed in widespread Mohawkian seas 
following the end of an epoch of Simpson sand and shale deposition over part of 
the Mid-Continent. 

The thickest Viola deposits in central Kansas lie in the north-central part, in 
contrast to the thickest Siluro-Devonian Hunton section which is in the north- 
east. There is no evidence of widespread truncation of Viola beds in the Salina 
basin, and it is likely that the center of the basin of deposition in Viola time lay 
west of that in Siluro-Devonian time. 

Thicknesses of individual members vary considerably from place to place, but 
the zones above the lower limestone (zone 5) average somewhat thicker in the 
north where the section is thickest. This suggests basinward divergence with the 
center of the basin of deposition sinking more rapidly than the periphery, after 
deposition of the lower limestone member. 

Viola strata are thinner near the Nemaha ridge than northwest of that struc- 
ture due apparently to non-deposition rather than erosion. This indicates that 
the region of the Nemaha arch may have been sinking less rapidly than adjacent 
areas in Ordovician time, although the principal upward movements of the arch 
came in the early Pennsylvanian. 

Small outliers of residual Viola beds, chiefly chert, occur on the Central 
Kansas uplift, indicating that the strata were originally deposited over part if not 
all of that structure. No such outliers of Siluro-Devonian rocks are known. The 
presence of these Viola outliers, comparatively close to an area of thick Viola 
deposits, indicates that the Central Kansas uplift was not a large positive area 
through Ordovician time. The absence of similar Siluro-Devonian outliers sug- 
gests that the uplift was above sea level in the mid-Paleozoic. 

The areal extent and stratigraphic relationships of the six Viola members 
recognized in this paper indicate that there was discontinuous limestone deposi- 
tion in central Kansas in Viola time (Fig. 12). 

The basal beds (zone 6) represent the clastic facies deposited in the initial 
limestone-forming seas. These strata are not everywhere the same age; in some 


% Hall Taylor, “Siluro-Devonian Strata in Central Kansas,” Bull. Amer. Assoc. Petrol. Geol., 
Vol. 30, No. 8 (August, 1946), p. 1223. 
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areas they are missing altogether, probably because of non-deposition over local 
highs. Upon either these basal beds or Simpson strata the comparatively pure 
limestones of zone 5 were deposited. This is the most widespread of the Viola 
members, and represents a time when limestone forming seas were extensive over 
the Mid-Continent. 

The dark-specked middle cherty member (zone 4) covers about the same area 
in the north as does zone 5, but does not extend as far south (Fig. 12). It is dis- 
conformable both above zone 5 and below zone 3. There is no evidence of wide- 
spread extensive erosion either before or after deposition of this cherty member. 
Rather it seems likely that the land remained about at sea-level, with local flex- 
ures being subjected to moderate erosion. 

The middle limestone (zone 3) resembles the lower limestone (zone 5) and 
probably formed under about the same conditions. Its more limited areal extent, 
coupled with absence of evidence of extensive erosion or truncation of beds, indi- 
cate it was deposited only in the northern part of central Kansas. 

The upper cherty member (zone 2) occurs in a few wells near the northern 
edge of the area covered in this paper. It is younger than Viola strata on the 
south, and appears to have formed only in the north where lay the part of the 
basin receiving the thickest Viola deposits. 

The upper limestone (zone 1), recognized by its abundance of coarse dolomite 
rhombs and crystals, may in the north be a zone of coetaneous sediments, but 
farther south it includes, below the Maquoketa-Sylvan unconformity, dolomitic 
beds which probably belong in older Viola members. 

The above conclusions indicate there were at least two interruptions of sedi- 
mentation in central Kansas during Viola time. The first followed deposition of 
the basal clastic and lower limestone members (zones 6 and 5), the second ended 
deposition of the middle cherty limestone (zone 4). In the north, breaks may also 
occur above and below the upper cherty member (zone 2), but wells examined do 
not indicate whether the lithologic differences in the limestones of zones 1, 2, and 
3 are the result of withdrawals and readvances of the sea or merely of changed 
sedimentary conditions attendant to a gradual withdrawal of the Viola seaway 
northward. 

Oil zones.—The Viola limestone is an important oil-producing formation in 
Kansas, with many widely separated counties deriving a share of their production 
from these beds. In the central portion of the state the middle cherty and lower 
limestone members (zones 4 and 5) appear to be the principal producing zones, 
but it should be noted that not all geologists agree with the correlations assigned 
in this paper to the producing beds. 

In Saline County a cherty dolomitic limestone which contains some oil along 
the Lindsborg-Salina axis is here placed in the middle cherty member (zone 4) of 
the Viola, but some put it in the Maquoketa. A similar situation prevails in the 
Lindsborg field of McPherson County. Fifteen miles farther southeast in the 
Ritz-Canton field some production comes from the dolomitized upper part of the 
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areas they are missing altogether, probably because of non-deposition over local 
highs. Upon either these basal beds or Simpson strata the comparatively pure 
limestones of zone 5 were deposited. This is the most widespread of the Viola 
members, and represents a time when limestone forming seas were extensive over 
the Mid-Continent. 

The dark-specked middle cherty member (zone 4) covers about the same area 
in the north as does zone 5, but does not extend as far south (Fig. 12). It is dis- 
conformable both above zone 5 and below zone 3. There is no evidence of wide- 
spread extensive erosion either before or after deposition of this cherty member. 
Rather it seems likely that the land remained about at sea-level, with local flex- 
ures being subjected to moderate erosion. 

The middle limestone (zone 3) resembles the lower limestone (zone 5) and 
probably formed under about the same conditions. Its more limited areal extent, 
coupled with absence of evidence of extensive erosion or truncation of beds, indi- 
cate it was deposited only in the northern part of central Kansas. 

The upper cherty member (zone 2) occurs in a few wells near the northern 
edge of the area covered in this paper. It is younger than Viola strata on the 
south, and appears to have formed only in the north where lay the part of the 
basin receiving the thickest Viola deposits. 

The upper limestone (zone 1), recognized by its abundance of coarse dolomite 
rhombs and crystals, may in the north be a zone of coetaneous sediments, but 
farther south it includes, below the Maquoketa-Sylvan unconformity, dolomitic 
beds which probably belong in older Viola members. 

The above conclusions indicate there were at least two interruptions of sedi- 
mentation in central Kansas during Viola time. The first followed deposition of 
the basal clastic and lower limestone members (zones 6 and 5), the second ended 
deposition of the middle cherty limestone (zone 4). In the north, breaks may also 
occur above and below the upper cherty member (zone 2), but wells examined do 
not indicate whether the lithologic differences in the limestones of zones 1, 2, and 
3 are the result of withdrawals and readvances of the sea or merely of changed 
sedimentary conditions attendant to a gradual withdrawal of the Viola seaway 
northward. 

Oil zones.—The Viola limestone is an important oil-producing formation in 
Kansas, with many widely separated counties deriving a share of their production 
from these beds. In the central portion of the state the middle cherty and lower 
limestone members (zones 4 and 5) appear to be the principal producing zones, 
but it should be noted that not all geologists agree with the correlations assigned 
in this paper to the producing beds. 

In Saline County a cherty dolomitic limestone which contains some oil along 
the Lindsborg-Salina axis is here placed in the middle cherty member (zone 4) of 
the Viola, but some put it in the Maquoketa. A similar situation prevails in the 
Lindsborg field of McPherson County. Fifteen miles farther southeast in the 
Ritz-Canton field some production comes from the dolomitized upper part of the 
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Viola section which probably belongs in the lower limestone member (zone 5), 
but farther south in Harvey County where the dolomitization i is not present the 
same beds have so far been proved non-productive. 

In Sedgwick County some production which has been ascribed to the Viola 
is in reality coming from the Hunton. These two limestone formations are here 
in contact, with no intervening Maquoketa shale, and the entire limestone section 
has been called Viola by many geologists, who believe Siluro-Devonian strata are 
missing from the area. 

A similar situation prevails in southern Marion County where a number of 
rather small old wells, long credited with Viola production, actually appear to tap 
oil-bearing Hunton limestones. Farther north in this county the lower limestone 
(zone 5) and possibly the middle limestone (zone 3) of the Viola are productive. 
Toward the south in Butler County in the famous Eldorado field the lower lime- 
stone (zone 5) contains oil. 


OTTAWA, LINCOLN, AND SOUTHERN MITCHELL COUNTIES 


Stratigraphy.—Inasmuch as the thickest and most complete Viola sections in 
central Kansas occur in Mitchell and adjacent counties (Fig. 1) detailed descrip- 
tions of the six zones in that region are given. Thereafter only important lateral 
changes in the strata in other areas are described. 

Upper limestone member. Zone 1.—Lying directly beneath the Maquoketa- 
Sylvan shale is a medium to dark gray or brownish gray, coarsely crystalline, 
dolomitic limestone in which are mixed very small amounts of white to light gray, 
rough chert, most of which is a chalky cotton rock. This layer is comparatively 
uniform in texture and composition, containing many dolomite rhombs and 
crystals, and minor amounts of silica rock. It normally is 10-20 feet thick. 

Upper cherty member. Zone 2.—Beneath the coarsely crystalline dolomitic 
upper limestone there occurs the topmost of three cherty members, designated 


zone 2. This member commonly is not over 25 feet thick, and contains as much as 


75 per cent light to medium brown or gray, sharp-edged, microfossiliferous chert, 
most of which is smooth. There are many irregular white and gray splotches 
scattered through the chert, the remains of fossil fragments which are now silicified. 
Black specks, though rarer than the light splotches, are present in some frag- 
ments. Small light gray or tan aggregates of dolomite crystals comprise up to 25 
per cent of some samples. There is also 10-35 per cent light buff or tan non- 
crystalline or very finely crystalline calcitic limestone. Fragments are small, this 
member being relatively hard and resistant to drilling. In residues most of the 
smooth chert is non-dolocastic, but a few rough pieces contain dolocasts. In 
central Kansas this member occurs only in the northern part. 

Middle limestone member. Zone 3.—Crystalline to dense, light tan and gray 
calcitic limestone underlies the upper cherty member. Tan rhombs of dolomite 
and calcite are embedded in some dense limestone fragments, together with dark 
splotches of dirty gray limestone. Residues are small, ordinarily less than 10 per 
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cent, and consist of light tan and gray, spongy finely crystalline quartz grading 
into smooth, white or light gray chert, together with a very little pyrite. The 
maximum thickness of the zone is about 40 feet, in southern Mitchell County. 

Middle cherty member. Zone 4.—This, the thickest and most widespread of the 
cherty zones, is similar in its limestone portion to zone 3, but is distinctive because 
of the tiny black specks scattered through the chert (Figs. 13, 14, and 15). Some 
fragments in the other cherty zones contain darker colored specks, but not in the 
abundance found in this member, and there are additional differences. Zone 2 
cherts are commonly microfossiliferous, gray or brown and smooth, with con- 
choidal fractures abundant. These zone 4 cherts are mostly gray or tan, with both 
smooth and rough surfaces. Zone 6 cherts are moderately smooth, brown but un- 
evenly colored, with myriads of minute darker brown spots mixed in a somewhat 
lighter brown matrix. 

In southern Mitchell County wells a four-fold subdivision of zone 4 is feasible, 
but farther south and east over most of central Kansas the zone thins, perhaps 
through disappearance of upper layers, and the subdivisions are not recognizable. 
However, they are described here in order to permit comparison by those ex- 
amining wells farther north in Kansas where the entire Mohawkian limestone 
section is comparatively thick, and this cherty member is prominent. The changes 
from zone to zone are gradual rather than abrupt. 


SUBDIVISIONS OF ZONE 4 


Zone A, Upper one-fifth of zone. About 50 per cent light tan, finely crystalline calcitic 
limestone containing a few brown dolomite rhombs, and 50 per cent chert which is of two 
principal varieties that are gradational into each other. One form is a light tan or gray, 
somewhat microfossiliferous, smooth sharp-edged dense chert containing black specks and 
small white cotton-like spots (Fig. 13, fragment No. 1). The other is the same color, but is 
round-edged, much rougher surfaced, and reflects tiny pin points of light from some micro- 
crystalline quartz (Fig. 13, fragment No. 2). The same black specks are present as in the 
smooth chert, but the white cotton-like patches are missing. In residues dolocasts are ab- 
sent in the smooth chert, and minute and uncommon in the rough variety. 

Zone B.—Tan, crystalline to dense calcitic limestone, containing a few brown dolomite 
thombs and a little gray or white drusy spongy quartz which grades into the microcrystal- 
line variety of zone A. Also a few clear angular to frosted sub-rounded sand grains. Non- 
cherty (Fig. 14). 

Zone C.—About 60 per cent limestone which is similar to that in zone B, and 40 per 
cent light gray to white, darkly specked cherts of the types described in zone A, with the 
rough variety preponderant, and soft enough to be mashed with a needle. In residues the 
rough chert contains minute dolocasts, and the smooth type also shows a few such rhombic 
holes (Fig. 15). 

Zone D.—Basal two-fifths of zone. At the top this is similar to zone C, but chert per- 
centages decrease downward, and the smooth sharp edged variety is relatively the more 
abundant. Toward the base there is some increase of brown dolomite rhombs in the calcitic 


limestone. 


Lower limestone member. Zone 5.—Light tan, buff, or gray crystalline, dense 
or flaky calcitic limestones mixed with some brown dolomite crystals comprise 
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this member. Near the top the beds are very coarsely crystalline (Fig. 16, sample), 
but lower in the zone finer-grained and even dense layers are common. Some 
pieces contain irregular dirty gray splotches, perhaps the remains of carbonaceous 
material enveloped during formation of the sediments. Insoluble material, mostly 
gray drusy quartz, constitutes less than 5 per cent of samples except in a few feet 
of basal beds which contain as much as 20 per cent light gray to white, rough, 
minutely and sparingly dolocastic cotton-like quartz rock with small amounts of 
sub-rounded sand (Fig. 16, residue). Broken fragments show that the cotton-like 
texture of the quartz rock is a surface feature grading into light or medium buff, 
solid, finely sucrose cherty central portions. Silicified microfossils are common. 

This cherty layer may deserve rank commensurate with the numbered zones, 
particularly if the basal Viola is considered a chert-free pure limestone, in which 
case this layer, together with zone 6, would be pre-Viola. But this narrow band of 
chert can not be traced over wide areas, and since it forms a relatively small per- 
centage of samples which otherwise are identical with overlying beds it is here 
considered a part of zone 5. 

Lower cherty or basal clastic member. Zone 6.—This basal zone of the limestone 
section contains varying proportions of calcitic and dolomitic limestone, chert, 
sand, and drusy quartz (Fig. 17). In some wells there is also a little pyrite and 
dark gray to black hard waxy shale in which are embedded a few sub-rounded, 
slightly frosted sand grains. The calcitic limestone is light tan to buff, and dense 
to finely crystalline as in the overlying member. Scattered through it are rhombs 
of brown dolomite which in some wells become sufficiently abundant to form 
crystalline aggregates of dolomitic limestone. Colorless quartz sand, with grains 
varying from clear and angular to frosted and sub-rounded, comprises as much as 
20 per cent of some samples. A few grains occur separately, others are in ag- 
gregates held together by calcium carbonate cement, and still others are scattered 
through the limestome fragments. Most samples also contain a little drusy quartz. 

The chert is distinctive and varies in amount, percentages normally increasing 
toward the base where chert comprises as much as 50 per cent of some samples. 
Like higher cherts this one is light tan to buff brown, sharp-edged, sparingly 
dolocastic in residues, and commonly smooth-surfaced though some pieces are 
rough. Unlike other cherts the surfaces of most pieces are stippled and unevenly 
colored, and consist of myriads of minute light to medium brown spots of all 
shapes, though commonly somewhat rounded, in a light tan to light gray matrix. 
Ordinarily the spots are so close they touch and form somewhat contiguous 
masses. They are semi-translucent along thin edges, and the matrix is opaque. In 
places this chert resembles coffee in which cream has curdled, although the spots 
of ‘‘cream”’ are darker brown than the “coffee” matrix. Under low power magnifi- 
cation the chert pieces appear to break with a smooth, conchoidal fracture,but 
high power shows that the fractures in some fragments go around instead of across 
the individual stipples or spots, just as might occur in odlites, but this is not an 
odlitic chert although in places it has a micro-odlitic appearance. 
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The zones just described occur in the Siedhoff et al. Grief well No. 1 (SW. 3, 
SE. 3, Sec. 16, T. 8S., R. 10 W.) which has about 250 feet of Viola strata (Fig. 4, 


well No. 1). 


Depth (Feet) 

35725 
—3,754 
-3,769 


Loc oF SrepHorFF ET AL. GrieF No. 1, Sec. 16, T. 8S., R. 10 W. 


Descriptions of Zones 
CHATTANOOGA SHALE 
No samples. Upper limestone member (zone 1) of Viola is probably in this interval. 
UPPER CHERTY MEMBER (ZONE 2) OF VIOLA. About 50 per cent tan crystalline calcitic 
limestone, and 50 per cent tan smooth to rough very microfossiliferous chert 


3,769 TOP OF MIDDLE LIMESTONE MEMBER (ZONE 3) 

-3,780 About 60 per cent tan crystalline calcitic limestone, 35 per cent gray dolomitic flaky 
shale (cave ?) and 5 per cent drusy quartz 

-3,787 Similar to above, but drusy quartz and chert constitute 25 per cent of samples 

-3,805 Calcitic limestone with about ro per cent drusy quartz 

3,805 TOP OF MIDDLE CHERTY MEMBER (ZONE 4) 

-3,825 ZONE A. About 50 per cent tan or gray, dark-specked, smooth and solid to rough and 
porous, microfossiliferous chert, and 50 per cent tan crystalline calcitic limestone 
containing a few embedded brown dolomite rhombs 

-3,845 ZONE B. Light tan coarsely crystalline calcitic limestone admixed with a little drusy 
quartz 

-3,859 ZONE C. Crystalline to dense calcitic limestone admixed with as much as 4o per cent 
grayish white, rough to smooth, moderately black-specked chert which in residues 
contains some tiny dolocasts 

-3,874 Nosamples 

-3,934 ZONE D. About 50 per cent brown crystalline dolomitic limestone, 25 per cent tan 
calcitic limestone, and 25 per cent light gray chert similar to that in zone C 

3,934 TOP OF LOWER LIMESTONE MEMBER (ZONE 5) 

-3,970 About 75 per cent tan calcitic and 25 per cent brown dolomitic crystalline limestone, 

with a few fragments of drusy quartz 
3,970 TOP OF LOWER CHERTY MEMBER (ZONE 6) 

-3,984 About 60 per cent dense to crystalline calcitic limestone with a few embedded brown 
dolomite rhombs, 20 per cent tan stippled chert, and 20 per cent angular to sub- 
rounded sand 

3,984 TOP OF SIMPSON (DECORAH ?) SHALES. Grayish green waxy shale 


Structure.—Viola strata dip east and northeast off the flanks of the Central 
Kansas uplift, are farthest below sea-level in a trough in western Ottawa County 
(Fig. 2), and rise gradually farther east. They are thickest in Mitchell County, 
and thin toward the south and east, chiefly through disappearance of some upper 
parts of the section. 


DICKINSON COUNTY AND AREAS NORTH AND EAST 


Stratigraphy— Over most of the northeastern part of central Kansas middle 
Ordovician limestones are more than roo feet thick (Fig. 1). They thin gradually 
toward the south, chiefly through disappearance of some upper parts of the sec- 
tion. 

The upper limestone member (zone 1) is 10-20 feet thick and similar to the 
same zone farther west, but the dolomite rhombs are somewhat less coarsely 
crystalline, and normally are buff-brown instead of gray in color. The upper 
cherty member (zone 2) is absent. Some of the middle limestone member (zone 
3) is likewise missing, but many wells have 10-15 feet of chert-free calcitic and 
dolomitic limestone remaining in this zone. The middle cherty member (zone 4) 
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is between 20 and 35 feet thick, and is abundantly microfossiliferous, but the 
characteristic black specks, although present, are not common. The chert is tan or 
gray, with smooth- and rough-surfaced varieties intermixed. In residues a few 
thin beds are quite dolocastic. 

The lower limestone member (zone 5) continues with undiminished thickness 
across the area, and even thickens somewhat toward the northeast where small 
amounts of grayish green shale and quartz sand occur in the lower part of the 
limestone. Fragments from some of these shaly layers will, if dropped in water, 
swell and crumble in the manner of bentonites. Beds of altered volcanic ash occur 
in Ordovician rocks in the eastern United States, and it is possible that similar 
layers are present in the Mid-Continent. Since correlations are based on lithol- 
ogies it might appear that the top of the shale should mark the top of the Simpson 
(Decorah?) formation, and possibly fossils, if available, would support such a view. 
However, it appears that the lower cherty member (zone 6) is present below these 
somewhat shaly and sandy beds. Hence the small amounts of arenaceous and 
argillaceous material are considered clastic parts of the zone 5 limestone, though 
it is recognized that correlations with Iowa and Missouri strata may eventually 
indicate a Decorah or Platteville age for these somewhat shaly layers. 

The lower cherty member (zone 6) is 10-25 feet thick, and contains more 
limestone and less chert than in wells at the west. In some samples chert forms 
less than ro per cent of the cuttings, but the few fragments present show typically 
the myriads of tiny brown stipples in a lighter brown matrix. This zone overlies 
beds of green or gray waxy shale and sand, probably of Decorah age. 

Logs of three wells in Riley, Pottawatomie, and Wabaunsee counties in the 
northeastern part of this area are reproduced in order to permit comparison of 
studies in northeastern Kansas" with zones described in this paper. One well, the 
Empire Oil Company’s Schwalm No. 1 (SW. 4, Sec. 19, T. 12 S., R. 11 E.) in 
Wabaunsee County, lies east of the area mapped for this report. 


Loc or Coronapo Ort Company’s Parks No. 1, SEc. 16, T. 10 S., 
R. 8 E. (Fic. 4, WELL No. 6) 


Depth (Feet) Descriptions of Zones 
1,764 BASE OF MAQUOKETA-SYLVAN SHALE. TOP OF VIOLA LIMESTONE 
-1,770 UPPER LIMESTONE MEMBER (ZONE 1). Crystalline dolomitic limestone 
-1,780 No samples 
-1,810 MIDDLE CHERTY MEMBER (ZONE 4). Tan microfossiliferous chert mixed with buff crys- 
talline limestone. Dolomite predominates in upper part, calcite and chert in lower 
-1,870 LOWER LIMESTONE MEMBER (ZONE 5). Tan crystalline calcitic limestone containing 
a few brown dolomite rhombs. Below 1,850 feet some gray green waxy shale and a few 
sand grains are mixed with limestone 
~1,880 LOWER CHERTY OR BASAL CLASTIC MEMBER (ZONE 6). Tan to brown dense limestone 
with some brown stippled chert. Little pyrite 
1,880 TOP OF SIMPSON FORMATION (DECORAH?). Chiefly green and brown waxy shale 


Loc or J. A. TuURNER’s UmscHerpT No. 1, SEc. 32, T. 8S., R. 9 E. 


16 Wallace Lee, op. cit., pp. 35-40, 60, and 61. 
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Depth (Feet) Descriptions of Zones 
1,747 BASE OF MAQUOKETA-SYLVAN SHALE. TOP OF VIOLA LIMESTONE 
-I,790 MIDDLE CHERTY MEMBER (ZONE 4). Tan crystalline dolomitic limestone mixed with 
white to tan microfossiliferous chert. Relatively non-cherty zone from 1,752-1,759 
feet is probably zone B of areas on west 
-1,850 LOWER LIMESTONE MEMBER (ZONE 5). Light tan to white crystalline calcitic limestone. 
A little gray and green shale below 1,822 feet, and much shale from 1,830-1,835 feet 
are placed in Decorah by some geologists 
-1,875 LOWER CHERTY OR BASAL CLASTIC MEMBER (ZONE 6). Tan to brown crystalline calcitic 
limestone with small amounts of green or gray shale and brown chert 
1,875 TOP OF SIMPSON FORMATION. Gray shale 


Loc or Empire Ort Company’s ScHwALM No. 1, SEC. 19, T. 12 S., R. 11 


Depth (Feet) 


Descriftions of Zones 


3,285 BASE OF MAQUOKETA-SYLVAN SHALE. TOP OF VIOLA LIMESTONE 
-3,307 MIDDLE LIMESTONE MEMBER (ZONE 3). Buff crystalline dolomitic limestone. May be- 
long partly in zone 1 
-3,328 MIDDLE CHERTY MEMBER (ZONE 4). About 60 per cent brown smooth chert containing 
a few black specks, and 40 per cent brown crystalline dolomitic limestone 
-3,389 LOWER LIMESTONE MEMBER (ZONE 5). Buff crystalline dolomitic and calcitic lime- 
stone. Gray bentonite-like shale is mixed with limestone in beds at 3,364-3,370 and 
3,383-3,389 feet (Decorah shale?) 
-3,400 LOWER CHERTY OR BASAL CLASTIC MEMBER (ZONE 6). Brown crystalline dolomitic 
limestone mixed with some dark brown chert and grayish green shale 
3,400 TOP OF SIMPSON FORMATION. Sand 


Structure-—The regional thinning of the Viola limestone toward the south 
and southeast, and thickening toward the west is shown in Figure 1. Dip of the 
strata is toward the west (Fig. 2) and is partially a reflection of the late Paleozoic 
uplift of the Nemaha arch. Minor folds trend northeast-southwest across Dickin- 
son, Clay, and Riley counties but limited drilling has not revealed fully their 
areal extent. 

SALINE AND ELLSWORTH COUNTIES 


Stratigraphy.—Only the lower parts of the middle Ordovician limestone sec- 
tion of Mitchell County have wide areal extent toward the south in Saline and 
Ellsworth counties. Zone 1 is thin or absent, zones 2 and 3 are missing over most 
of the area, zones 4, 5, and 6 are variable (Fig. 12), and their total thicknesses 
range from about 150 feet in the northeast to zero on high areas in Ellsworth 
County. 

A thin coarsely crystalline dolomitic limestone, interpreted as the upper lime- 
stone member (zone 1), appears in rotary samples from the Central Oil and Gas 
Company’s Crawford well No. 1 (NE. 3, Sec. 26, T. 13 S., R. 3 W.) at 3,390 feet, 
but was not recognized elsewhere in the two counties. The upper cherty member 
(zone 2) likewise is missing. Five to 10 feet of the middle limestone (zone 3) occur 
in parts of eastern Saline County, but farther west this member also is gone. The 
middle cherty limestone (zone 4) is widespread and has a maximum thickness 
exceeding 100 feet. The chert of this zone contains more black specks here than on 
the north and east (Fig. 18), and is separable into two divisions. The upper part 
contains black-specked gray chert, some of which in residues is smooth and solid, 
the rest rough and dolocastic. The lower part is also black-specked, but is 
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ordinarily tan or brown, smooth and solid, with many tiny indistinct microfossils 
packed so closely together as to give the fragments a somewhat mottled or lace 
like appearance which resembles some of the chert in the lower cherty member 
(zone 6). The lower limestone (zone 5) is 35-50 feet thick, with buff or gray 
crystalline calcitic limestone which is little changed from the region farther 
north. The basal beds (zone 6) are chiefly brown calcitic and dolomitic limestones 
with minor amounts of chert, sand and shale, the whole being less than 25 feet 
thick. In many wells the distinctive chert is missing, and this lowest zone is 
recognized by the change from calcitic limestone to calcitic and dolomitic strata 
containing small amounts of sand and shale. In other wells some stippled chert is 
present, and overlies a Simpson sand in which is a gray, dark-specked, smooth 
chert that in residues contains large dolocasts. 

Structure-—Thicknesses and dips of middle Ordovician limestones, shown on 
the isopach and structure maps (Figs. 1 and 2), are a continuation of trends noted 
in Mitchell County on the north. Viola strata disappear on the flanks of the 
Central Kansas uplift in western Ellsworth County, and are also missing from the 
tops of highs in central and southern Ellsworth County. The lower beds (zones 5 
and 6) extend farthest onto the flanks of these uplifted areas, a relationship well 
shown in the Mid-Kansas Oil and Gas Company’s Kanak well No. 1 (SW. 3, Sec. 
15, T. 16 S., R. 7 W.) where, beneath the shale which ends at 3,082 feet, there are 
45 feet of crystalline calcitic limestone, interpreted as zone 5, and 15 feet of tan 
limestone with some stippled chert of zone 6 (Fig. 5, well No. 9), in contact at 
3,142 feet with Simpson subangular sands and gray dark-specked dolomite 
bearing chert. No zone 4 cherts are present. 

Viola sections more than 150 feet thick occur farthest south in T. 16 S., R 
3 W. on the site of the northeast-southwest trending Lindsborg-Salina anticline 
in central Saline County (Fig. 1). Downdip about 6 miles east there are 
only 95 feet of limestones. The thickening occurs in the middle cherty member 
(zone 4), with zones 5 and 6 remaining normal. Two wells which illustrate this 
relationship are the Stanolind Oil and Gas Company’s Martin No. 1 (SE. 3, Sec. 
3, T. 16 S., R. 3 W.) which is near the crest of the anticline (Figs. 5 and 8, well 
No. 12), and the Lario ef al. Fulton No. 1 (NW. 4, Sec. 14, T. 16 S., R. 2 W.) in 
a trough on the east (Fig. 5, well No. 13). 


Loc oF STANOLIND Ort AND GAs Company’s MartIN No. 1, 
Sec. 3; T. 16 S., R. 3 W. 


Depth (Feet) Descriptions of Zones 
3,205 BASE OF MAQUOKETA-SYLVAN SHALE. TOP OF VIOLA LIMESTONE 
-3,395 MIDDLE CHERTY MEMBER (ZONE 4). Gray (upper part) and tan (lower part), black 
specked chert mixed with brown and tan dolomitic and calcitic limestone 
~-3,430 LOWER LIMESTONE MEMBER (ZONE 5). Tan calcitic limestone containing brown dolo- 
mite rhombs 
-3,450 LOWER CHERTY MEMBER (ZONE 6). Brown calcitic limestone with dolomite rhombs 
and a few pieces of brown-stippled chert 
3,450 TOP OF SIMPSON FORMATION (DECORAH?). Green waxy shale with a little limestone 
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Loc or Lario Et AL. Futton No. 1, Sec. 14, T. 16 S., R. 2 W. 
Depth (Feet) Descriptions of Zones 
3,445 BASE OF MAQUOKETA-SYLVAN SHALE. TOP OF VIOLA LIMESTONE 
-3,452 MIDDLE LIMESTONE MEMBER (ZONE 3). Tan crystalline calcitic limestone 
-3,485 * ae aaa MEMBER (ZONE 4). Black-specked, tan chert mixed with tan calcitic 
-3,525 LOWER LIMESTONE MEMBER (ZONE 5). Tan or gray, crystalline to dense limestone 
-3,539 BASAL CLASTIC MEMBER (ZONE 6). Buff to brown limestone mixed with some sand 
3539 TOP OF SIMPSON FORMATION (DECORAH?) Greenish black waxy shale 

Oil zones—Among Saline County oil fields there are three comparatively 
small pools—Salina (T. 14 S., R. 2 W.), Mentor (T. 15 S., R. 3 W.), and Olsson 
(T. 16 S., R. 3 W.)—which some credit with Viola production, but others place 
the productive beds in the Maquoketa. All three fields lie along the trend of the 
Lindsborg-Salina axis, and reveal somewhat similar stratigraphic relationships 
which have been described in the section on stratigraphy. ; 

Illustrating the stratigraphic sequence of these controversial strata are’cable- 
tool samples from the Detrick Company’s Sudendorf well No. 1 (SE. 4, Sec. 30, 
T. 14S., R. 2 W.) and the Bronk Company’s Thalander well No. 1 (SE. 4, Sec. 10, 
T. 16S., R. 3 W.). The Sudendorf well, near the edge of the Salina pool, produced 
only a little oil, but this came from a cherty dolomitic limestone which was topped 
at 3,265 feet, and which lay beneath a gray partly dolomitic shale of Maquoketa 
age. The producing zone placed by some geologists in the Maquoketa, is believed 
to be the middle cherty member (zone 4) of the Viola. Below it are pure limestones 
which are universally accepted as Viola in age, and which in this paper are placed 
in the lower limestone member (zone 5). 

The Thalander well penetrated about 230 feet of Chattanooga and Maquo- 
keta shales from 3,055 to 3,285 feet. The lowest 60 feet of this sequence was quite 
dolomitic. It is placed in the Maquoketa. At 3,285 feet the bit penetrated a cherty 
dolomitic limestone, and the hole filled with 1,700 feet of oil in 4 days, but did 
not make a producing well. This oil bearing formation appears to be the same as 
that which produces in the Salina pool about 10 miles to the northeast, and is 
probably the middle cherty member (zone 4) of the Viola, although some geolo- 
gists place it in the Maquoketa. It is about 100 feet thick, with the lowest 25 feet 
containing calcitic as well as dolomitic limestone. Between 3,385 and 3,435 feet 
there is a tan, pure, dense to crystalline calcitic limestone which is the lower 
limestone member (zone 5) of the Viola. Below this are 10 feet of brown and tan 
limestone with some sand, and at 3,445 feet there appear the dark green waxy 
shales of the Simpson. 


MCPHERSON AND RICE COUNTIES 


Stratigraphy.—Lithologic variations create some uncertainties in correlation 
of the middle Ordovician limestones of McPherson and Rice counties. In addition, 
the strata thin toward the south, apparently through partial, and in some places 
complete, disappearance of all but the lower limestone member (zone 5). Coupled 
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with this thinning is local thickening of beds interpreted as belonging in the 
middle cherty member (zone 4). These factors combine to introduce more uncer- 
tainties in correlations here than in the area on the north. 

The upper limestone member (zone 1), identified by its coarsely crystalline 
texture and abundance of dolomite rhombs and crystals, is about 5—10 feet thick 
in eastern and southeastern McPherson County, but is absent elsewhere. As much 
as 25 feet of dolomitic limestone are logged at the tops of sections in wells in this 
area, but only the coarsely crystalline upper few feet are considered equivalent 
to the upper limestone, the rest are placed in the lower limestone (zone 5). 

The upper cherty member (zone 2) does not occur in these two counties. 
About 15 feet of the upper limestone (zone 3) appear in northeastern McPherson 
County, but elsewhere this zone is missing. , 

The black-specked middle cherty member (zone 4) is absent in southern 
McPherson County, and does not extend as far west onto the flanks of the 
Central Kansas uplift as does the underlying zone 5, but elsewhere this member 
is prominent (Figs. 12 and 19). It is thickest over the sites of two arches, the Linds- 
borg-Salina axis (T. 16 and 17 S., R. 3 W.) and the Voshell trend (T. 19 and 20 
S., R. 3 W.), which were folded subsequent to deposition of the beds. 

The foregoing statements, it should be noted, are predicated on correlations 
which, just as in Saline County at the north, are not accepted by some who have 
studied the beds. In northern McPherson and northeastern Rice counties dirty 
gray, cherty, shaly, dolomitic limestones (Fig. 20) overlie clean, tan, crystalline, 
calcitic limestones belonging in the Viola, and in some wells underlie typical 
Maquoketa-Sylvan shales. This exceptional, shaly dolomitic limestone contains 
large amounts of rough, black-specked, dirty gray chert. Residues are shaly in 
places, commonly dolocastic (Fig. 21), and resemble those obtained from some 
siliceous dolomitic shaly zones of the overlying Maquoketa-Sylvan formation, in 
which some geologists place these beds. However, the black specked chert which, 
it is believed, can be traced laterally into definite Viola strata (Fig. 8), is here 
considered indicative that the layers belong in the middle cherty member (zone 4) 
of the Viola, but correlations by lithology alone can not be considered entirely 
conclusive, and diagnostic fossils were not observed. The cherty beds are thickest, 
60-80 feet, in T. 19 and 20S., R. 3 W. (Figs. 6 and 8, well No. 20), and thin east 
and west. They, together with lower Viola strata, are the oil producers in the 
Lindsborg and Salina pools. 

An impure thin shale separates the middle cherty limestone (zone 4) and the 
underlying lower limestone member (zone 5) in some wells in northern McPherson 
County, suggesting that there is a break between these two members. This shaly 
layer is of irregular occurrence, but appears in enough wells to indicate it is not 
cave. In the Simmons ef al. Anderson well No. 1 (SW. 3, Sec. 14, T. 17 S., R. 1 W.) 
it lies between 3,410 and 3,418 feet; in the Broadwater Drilling Company’s 
Heaton well No. 1 (SE. }, Sec. 28, T. 17 S., R. 1 W.) itis between 3,245 and 3,250 
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Fic. 13.—Pastomicrograph (X10) of sample of zone A in Fic. 14.—Photomicrograph (Xtro) of sample of dense to 


zone 4. Note (1) shirp-elged microfossiliferous chert and (2) crystalline, calcitic limestone with some dolomite rhombs 
round-eiz21 chert with microcrystalline quartz. Copeman well (near arrowheads) in zone B of zone 4. Copeman well No. 1, 
1, Sec. 7, T. 10 S., R. 2 W., Ottawa Co., depth 3,515-3,518 . Sec. 7, T. 10S., R. 2 W., Ottawa Co., depth 3,540~3,549 feet. 
eet. 


Sample Residue 
Fic. 15.—Photomicrographs (X10) of zone C in zone 4 showing limestone similar to zone B, and chert with tiny black specks, 
— dolocasts, and both rough and smooth surfaces. Copeman No. 1, Sec. 7, T. 10 S., R. 2 W., Ottawa Co., depth 3,562- 3,560 
eet 


Sample Residue 
Fic. 16.—Photomicrographs ( X ro) of zone 5 showing (in sample) coarsely cry: aE limestone typical of Viola, and (in residue) 
roughcherty fragments and few sand grains occurring near base of zone. Copeman No. 1, Sec. 7, T. 10S., R. 2 W., Ottawa Co., depth 
(sample) 3,599-3,607 and (residue), 3,625-3,632 feet 
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Sample 


Fic. 18 (Above). -Photomic rograph (X12) of sample of 
zone 4 showing tiny black specks in chert. Note (near arrow- 
head) 4-rayed microfossil, probably part of  hexactinellid sponge 
spicule. Crawford well No. 1, Sec. 26, T. 13 S., R. 3 W., northern 

Saline Co., depth 3,400~3, 105 feet. 


Fic. 19 (Right).—Photomicrograph (X12) of sample of 
zone 4. Note (1) white microfossiliferous inclusions in (brown) 
chert, (2) black speck in (tan) chert, ri (3) crude banding in 
dolomitic limestone. Pierce = No. 1, Sec. 29, T. 20 S., 

7 W., Rice Co., depth 3,580-3,585 feet. 


Fic. 17 (Left and below).—Photomicrographs( X12) of zone 
6 showing (1) calcitic limestone with few (dark) dolomite rhomb 
inclusions, (2) ne: of (brown) dolomite rhombs with cal- 
cite cement, (3) dense and flaky calcitic limestone, gnd (4) stip- 
pled chert. Copeman well No. 1, Sec. 7, T 
Ottawa Co., depth 3,632-3,652 feet. 


| 
4 ae 


.. FIG. 20 (Right and below).—Photomicrographs (X12) of 
silty, dark-specked chert and dolomitic limestone considered 
part of zone 4. Note (in sample) many tiny dark specks in large 
(tan) central chert fragment, and (in residue) numerous tiny 
dolocasts and crude banding by dark silty layers. Fulton well 
he 1, Sec. 24, T. 19 S., R. 6 W., Rice Co., depth 3,794~-3,708 
eet. 


Fic. 21 (Above).—Photomicrograph (X12) of residue of 
dirty gray, rough, black-specked zone 4 chert fragment. Note 
dolocastic light gray (weathered surface?) zone near bottom of 
picture. Templin well No. 1, Sec. 32, T. 17 S., R. 3 W., McPher- 
son Co., depth 3,475-3,488 feet. 


Fic. 22 (Left). Photomicrograph ( X12) of residue showing 
dark specks, white inclusions and sand grains, embedded in a 
zone 6 chert. Galle well No. 1, Sec. 11, T. 21 S., R. 2 W., southern 
McPherson Co., depth 3,460—3,465 feet. 
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Fic. 23.—Photomicrograph (X10) showing zone 5 mixture 


of brown dolomite crystals (note large rhomb near center), and Fic. 24.—Photomicrograph (X10) of angular to sub- 
tan flaky calcite. Williams well No. 1, Sec.17,T.25S.,R.2W., rounded sand in residue of zone 6. Boller well No. 1, Sec. 29 
Sedgwick Co., depth 3,929-3,034 feet. T. 24S.,R.1 E., Harvey Co., depth 3,584-3,588 feet. 


FiG. 25.—Photomicrograph ( X10) of drusy quartz and sub- Fic. 26.—Photomicrograph (X10) of residue of Chat- 
angular sand in residue from strata interpreted as zone 5.Gale | tanooga shale showing rounded black spores in gray shale. Gale 
well No. 1, Sec. 8, T. 25 S., R. 3 E., Butler Co., depth 3,207-. —- welll No. 1, Sec. 8, T. 25 S., R. 3 E., Butler Co., depth 3,137- 


3,210 feet. 3,145 feet. 


Fic. 27.—Photomicrograph ( X1o) of residue of gray-green Fic. 28.—Photomicrograph (X10) of sample of subrounded 
ng J upper Simpson (Decorah?) shale. Danz well No. 1, Sec. _ to angular Simpson sand. Copeman well No. 1, Sec. 7, T. 10S., 
34, T.11 S.,R. 4 E., Dickinson Co., depth 2,892-2,902 feet. R. 2 W., Ottawa Co., depth 3,688-3,695 feet. 
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feet; and in the McPherson Oil and Gas Company’s Norling well No. 1 (NE. 3, 
Sec. 9, T. 17S., R. 2 W.) it is near the bottom of the hole at about 3,585 feet. 
Some regard this shale merely as cave, but it seems too common at a particular 
horizon to be so explained. 

Some of those who place in the Viola the limestone which contains specked 
chert (zone 4), put the underlying rather pure limestone (zone 5) in the Simpson. 
Thus Hiestand” notes that the “speckled chert” of the “Viola limestone” occurs 
in the northern part of the Voshell field (Sec. 34, T. 20 S., R. 3 W.), but that 
over much of that region a “white-to-gray, coarsely crystalline, dolomitic lime- 
stone” underlies the ‘Viola limestone,” is “included in the Simpson group,” and 
is ‘‘considered a correlative of the Prosser.” This underlying limestone is the lower 
limestone member (zone 5) of the Viola as defined in this present paper, and the 
top of the Simpson is placed still lower in the section at the point where relatively 
pure sands or shales appear. Thus the separation is based on lithology, because 
paleontologic evidence is as yet considered inconclusive. 

The lower limestone (zone 5) is the most widespread member in the region, 
covering McPherson and much of Rice County, and extending farthest onto the 
flanks of the high areas associated with the Central Kansas uplift. It is commonly 
20 to 40 feet thick, and reaches 60 feet in T. 17S., R. 3 W., innorthern McPherson 
County. It is a coarsely crystalline, tan and brown limestone, largely calcitic but 
partly dolomitic in the southern parts of the two counties. It displays some ir- 
regular black or brownish red splotches, perhaps the remains of microfossils 
enclosed by the sediments during formation. 

Comparison of wells in northern and central McPherson County shows that 
this lower limestone (zone 5) is thicker where the overlying middle cherty member 
(zone 4) is thin, and vice versa, suggesting possibility of a disconformable rela- 
tionship, and adding credence to the view that there was a break in sedimentation 
between zones 4 and 5. This variation is illustrated by logs of Jeff Archer’s 
Templin well No. 1 (SE. 4, Sec. 32, T. 17 S., R. 3 W.) in northern McPherson 
County and the Mid-Kansas Oil and Gas Company’s Jones well No. 1 (NE. 3, 
Sec. 26, T. 19 S., R. 3 W.), 12 miles south. 


Loc oF Jerr ARCHER’s TEMPLIN NO. 1, SEC. 32, T. 17 S., R. 3 W. 


Depth (Feet) Descriptions of Zones 
3,223-3,445 CHATTANOOGA SHALE. No Maquoketa-Sylvan shale recognized in this well 
-3,;447 MISENER SANDY ZONE. Sand, limestone, chert and shale 
-3,488 VIOLA LIMESTONE. MIDDLE CHERTY MEMBER (ZONE 4). Crystalline, calcitic and dolo- 
mitic limestone mixed with gray rough chert which in residues is dolocastic, slightly 
silty, and soft enough to be scratched with a needle. 
-3,498 Transition zone. Chert and limestone as above with some crystalline and drusy quartz. 
Disconformity (?) 
-3,554 LOWER LIMESTONE MEMBER (ZONE 5). Tan crystalline limestone 
3,554 TOP OF SIMPSON FORMATION (DECORAH?). Green and gray waxy shale 


17 T. C. Hiestand, “Voshell Field, McPherson County, Kansas,” Bull. Aser. Assoc. Petrol. Geol., 
Vol. 17, No. 2 (February, 1933), p. 174. 
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Loc or Mip-Kansas Ort AND Gas ComMpany’s JoNEs No. 1, 
SEc. 26, T. 19 S., R. 3 W 


Depth (Feel) Descriptions of Zones 


3,445 BASE OF CHATTANOOGA SHALE 
-3,480 MAQUOKETA-SYLVAN FORMATION. Dolomitic gray shale 
-3,560 VIOLA LIMESTONE. MIDDLE CHERTY MEMBER (ZONE 4). Crystalline brown dolomitic 
limestone mixed with black-specked, smooth to rough, microfossiliferous chert which 
is dolocastic in residues 
-3,590 LOWER LIMESTONE MEMBER (ZONE 5). Tan crystalline limestone, sandy in lower part 
3,590 TOP OF SIMPSON FORMATION (DECORAH?). Green shale 


The lower or basal cherty member (zone 6) is missing over parts of Rice and 
McPherson counties, and is thin elsewhere. In some wells there is an abrupt 
change from the limestone of zone 5 to underlying Simpson sands and shales; in 
other wells a thin impure limestone, without chert but with some sand and drusy 
quartz, lies at the base of zone 5. These sandy and quartzose layers are here placed 
in zone 6, since that member includes the basal clastics of the limestone section, 
but it is recognized that the quartzose layers may not be coetaneous with beds 
containing the brown-stippled chert by which zone 6 is identified farther north. 

In southern McPherson County a different type of basal chert is present. The 
minute stippling and uneven coloring of areas to the north is replaced by a more 
uniform brown; dark red and black specks increase in prominence; and frosty 
white microfossiliferous inclusions are common (Fig. 22). Another chert, which 
likewise contains dark-colored specks, is associated with Simpson sands and shales 
in this region, but the first-named chert occurs above these Simpson beds. It is 
mixed with limestone, just as is the stippled chert of more northern areas, and is 
therefore placed in the basal beds of the limestone sequence. It is considered 
approximately the time equivalent of the stippled chert, and its different appear- 
ance may be the result of different conditions prevailing at the time of deposition 
of basal limestone beds. 

Structure—Southward thinning of the Ordovician limestones, together with 
dips into the trough of the Conway syncline which trends north-south through 
western McPherson County, continue trends that were noted in the area on the 
north (Figs. 1 and 2). In Rice County the strata disappear on the flanks of the 
Central Kansas uplift and associated high structures. In McPherson County the 
beds are raised steeply over the Voshell anticline where faulting, with the up- 
thrown side on the east, has produced vertical variations of hundreds of feet in 
strata of closely adjacent wells. For example, in Sec. 33, T. 20 S., R. 3 W. one well 
reached the top of the Viola at 1,782 feet below sea-level, yet less than } mile 
west another well topped the same formation at 2,245 feet below sea-level, a 
vertical variation of more than 450 feet. 

Oil zones—Four major pools of McPherson County are credited with Viola 
production—Lindsborg (T. 17 S., R. 3 and 4 W.), McPherson (T. 18 S., R. 2 W.), 
Ritz-Canton (T. 19 and 20 S., R. 1 and 2 W.), and Voshell (T. 20 and 21 S.,R. 
3 W.). 

In the Lindsborg field the principal producing zone is a cherty and shaly 
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dolomitic limestone which overlies a clean calcitic limestone, the two layers being 
considered zones 4 and 5 respectively of the Viola. However, as in Saline County 
on the north, some geologists place this cherty dolomitic limestone in the Maquo- 
keta, and thus credit this overlying formation with much of the oil production. 
These differences in view have been discussed in the preceding sections. They are 
illustrated by the Carter Oil Company’s Hogland well No. 1 (NW. 3, Sec. 8, T. 
17 S., R. 3 W.), in which the bit penetrated a few feet of sandy strata after pass- 
ing through a thick shale section, and then entered a cherty limestone at 3,349 
feet. Oil is found in the upper 30 feet of this cherty bed which is here considered 
zone 4 of the Viola, but by some is placed in the Maquoketa. Beneath this bed is 
a clean crystalline limestone of generally accepted Viola age (zone 5 of this paper), 
and still lower at about 3,470 feet there appears the top of the Simpson. 

In the Ritz-Canton field the Viola is one of four important producing zones. 
‘It is a comparatively pure limestone in which the upper few feet normally are 
dolomitized. The entire section is placed in the lower limestone member (zone 5), 
with the possible exception of the top few feet which may belong in zone tr. Oil 
commonly occurs in the upper heavily dolomitized part. A representative hole 
in this field is Tom Palmer’s Winn well No. 2 (NW. 4, Sec. 7, T. 20 S., R. 1 W.) 
which originally was completed in 1931 in the Mississippian limestone, producing 
potentially 2,770 barrels of oil per day. Later it was deepened to 3,418 feet in 
the Viola, and produced for a time from the dolomitized upper part of that for- 
mation (zone 5) at about 3,400-3,405 feet. Still later it was deepened into the 
Simpson without satisfactory production. 


RENO COUNTY 


Stratigraphy. Comparatively thin non-cherty calcitic and dolomitic lime- 
stones form most of the Viola sections in Reno County. The dolomitized upper 
limestone member (zone 1) is missing in much of the area. In the southern part, 
dolomitic limestones are common, but they represent a gradational facies change 
from the calcitic limestones of zone 5 farther north, although a few feet at the 
top of some wells may be remnants of zone 1. The upper cherty, upper limestone 
and middle cherty members (zones 2, 3, and 4) do not appear in this area. The 
lower limestone (zone 5) has a maximum thickness of about 50 feet and is the 
only member present over much of the county. It is crystalline, gray or black 
splotched and calcitic in the north, browner and more dolomitic in the south. Bits 
of pyrite are disseminated through the limestone, and in some wells in the central 
and southern parts of the county a white or light tan smooth chert forms 
as much as ro per cent of samples. The lower cherty or basal clastic member 
(zone 6) is poorly developed in Reno County. Some wells show thin sandy zones 
at the base of the limestone section, but the stippled chert is absent, and in many 
wells the change from calcitic or dolomitic limestone to the underlying Simpson 
sand or shale is abrupt. 

Structure —The axis of the Conway syncline, which extends north and south 
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across western Saline and McPherson counties, turns and dips southwest in Reno 
County toward a region named the Dodge City basin by McClellan.'® West of 
this trough, on the flanks of the Central Kansas uplift the Ordovician strata rise, 
then disappear through truncation. They are also gone from part of southeastern 
Reno County, in T. 25 S., R. 4 W., where the Empire Oil and Gas Company’s 
Mueller well No. 1 (SW. 3, Sec. 35, T. 25 S., R. 4 W.) shows Chattanooga shale 
resting on Simpson sand (Fig. 8, well No. 28). In northern Reno County a small 
local high is revealed by Continental Oil Company’s Snook well No. 1 (SW. 4, 
Sec. 10, T. 22 S., R. 8 W.), in which the Viola limestone occurs between 3,455 
and 3,500 feet, about 200 feet higher structurally than in near-by wells on the 
north. 

Structure contours in western Reno County (Fig. 2) are located from driller’s 
logs, and accuracy of the lines is limited, but Viola strata occur in the Dodge 
City basin, and the edge of the formation curves around the south side of the’ 
Central Kansas uplift approximately as shown. 

Oil zones——Most of the oil produced in the northeastern townships of Reno 
County comes from rocks other than Viola. The large Burrton field taps Missis- 
sippian and Siluro-Devonian deposits, but the smaller Buhler field is credited 
with production from Viola and Simpson strata.'® Most of this latter oil, however, 
seems to be Simpson. The Viola, which here is a calcitic or somewhat dolomitic 
limestone, is recorded as the producer in a few wells such as the Westgate-Green- 
land Oil Company’s Wood well No. 2 (NE. 3, Sec. 36, T. 22 S., R. 5 W.) at 3,898 
to 3,906 feet. But in most holes the bit passes through the Viola limestone and 
finds oil at the top of the Simpson sand, as in the Amerada-Westgate Company’s 
Johns test No. 1 (SE. }, Sec. 25, T. 22 S., R. 5 W.) where a well with a g12-barrel 
potential was completed in the top of the Simpson at about 3,808 feet. 


MARION COUNTY 


Stratigraphy.—In the northern part of Marion County the middle Ordovician 
limestones are similar to sections in near-by Dickinson and McPherson counties. 
In the south, however, the strata undergo rather abrupt lateral changes from cal- 
citic to dolomitic facies, and from cherty to non-cherty beds, making correlations 
uncertain in places. A cherty member, interpreted as zone 4, separates two lime- | 
stones, believed to be zones 3 and 5, in some wells but is missing in other holes, 
and there is no corresponding decrease in over-all thickness of the section. Either 
the remaining limestones represent two members between which is an undetected 
break, or one member disappears and the other thickens in areas where the cherty 
zone is absent. In either case a disconformity is present. An alternate possibility, 
which is without supporting evidence, is that the cherty zone 4 becomes non- 

18 Hugh W. McClellan, “Subsurface Distribution of Pre-Mississippian Rocks of Kansas and Okla- 
homa,” Bull. Amer. Assoc. Petrol. Geol., Vol. 14, No. 12 (December, 1930), pp. 1535-56. 


19 Walter A. Ver Wiebe, “Exploration for Oil and Gasin Western Kansas during 1945,’’ Kansas 
Geol. Survey Bull. 62 (1946), p. 65. 
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cherty but does not disappear. Logs illustrating the changes are presented near 
the end of this section. 

A few wells have thin layers of coarsely crystalline dolomitic limestone, typical 
of zone 1, at the top of the section, but in most of the county this member is 
missing. The upper cherty member (zone 2) likewise is gone. The middle lime- 
stone member (zone 3) is recognized in much of the county where it overlies 
black-specked cherty beds of zone 4, but in the southwest the middle cherty 
member is missing, and the total section, which does not thin abruptly with dis- 
appearance of the cherty beds, may contain both middle and lower limestones 
(zones 3 and 5). In areas where the middle limestone (zone 3) can be recognized 
by its occurrence above the black-specked cfierty zone it commonly is tan, crystal- 
line to flaky, calcitic limestone, whereas the lower limestone (zone 5) in the same 
areas is browner and somewhat more dolomitic. On the southwest in the non- 
cherty section the limestone commonly is calcitic in the upper parts and more 
dolomitic in the lower, lending credence to the view that it comprises both zones 
3 and 5. 

The middle cherty member (zone 4) occurs over most of Marion County 
except the southern and southwestern parts. It is gray or tan, and microfossilifer- 
ous, but the dark specks which characterize this chert are less common than in 
areas on the north and west. 

The lower limestone (zone 5) is the most widespread member, occurring in 
wells in all parts of the county. It is a brown or tan crystalline limestone, calcitic 
in the north, more dolomitic in the south. 

The lower cherty or basal clastic member (zone 6) is widely but irregularly 
distributed. Many wells have 5 to 20 feet or more of unevenly colored brown 
chert, others show only a thin sandy zone at the base of the section, and some 
have clean breaks between the limestone and underlying green shale and sand. 
In a few wells a dark-specked brown chert, which in residues contains large 
sharp-edged dolocasts, lies below the limestone section. It resembles a chert which 
occurs in Simpson strata, and is considered a part of that older formation. Its 
numerous dark specks and large rhombs of dolomite distinguish it from the un- 
evenly colored but non-speckled and only slightly dolocastic chert of zone 6. 

Logs of three wells, one in the northern and two in the southern parts of 
Marion County, illustrate the stratigraphic relationships described in the pre- 
ceding paragraphs. In the north the White Eagle Oil and Refining Company’s 
Ucker test No. 1 (NW. 3, Sec. 24, T. 17 S., R. 2 E.) penetrated 100 feet of Viola 
strata believed to represent zones 3, 4, 5 and 6. 

Loc OF WHITE EaGLe Ort AND REFINING CoMPANY’s UCKER No. 1, 
Sec. 24, T. 17 S., R. 2 E. 
Depth (Feet) Descriptions of Zones 
3,080 BASE OF MAQUOKETA-SYLVAN SHALE. TOP OF VIOLA LIMESTONE 
-3,085 MIDDLE LIMESTONE MEMBER (ZONE 3). Tan, crystalline to dense, calcitic limestone. 


Little gray drusy quartz in residue 
-3,125 MIDDLE CHERTY MEMBER (ZONE 4). Gray, smooth to rough, sparingly black-specked 
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-3,180 
3,180 
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Descriptions of Zones 
chert, moderately dolocastic in residues, mixed with gray and brown, dense calcitic 
limestone containing a few dolomite rhombs 
LOWER LIMESTONE MEMBER (ZONE 5). Brown and tan, dense to crystalline, calcitic 
limestone with trace of drusy gray quartz 
LOWER CHERTY MEMBER (ZONE 6). Unevenly colored, brown, sharp-edged chert 
mixed with calcitic and dolomitic limestone 
TOP OF SIMPSON FORMATION. Sands and green shale 


In southern Marion County the Empire Oil and Refining Company’s Schlo- 
thour well No. 1 (SW. 4, NE. 4, Sec. 9, T. 20 S., R. 4E.) penetrated 88 feet of 
strata (Fig. 11, well No. 30) similar to those in the Ucker No. 1, but with con- 
siderable variations in thickness. 


Depth (Feet) 


2,547 
2,581 


-2,600 

-2,620 

—2,635 
2,635 


Loc oF EMPIRE OIL AND REFINING COMPANY’S SCHLOTHOUR NO. 1, 
Sec. 9, T. 20S., R. 4 E 


Descriptions of Zones 


BASE OF MAQUOKETA-SYLVAN SHALE. TOP OF VIOLA LIMESTONE 

= LIMESTONE MEMBER (ZONE 3). Tan calcitic limestone with many cleavage 
aces 

MIDDLE CHERTY MEMBER (ZONE 4). Gray microfossiliferous sparingly speckled chert 
mixed with brown calcitic and dolomitic limestone 

LOWER LIMESTONE MEMBER (ZONE 5). Tan and brown calcitic limestone enclosing 
many dolomite rhombs 

LOWER CHERTY MEMBER (ZONE 6). Unevenly colored tan chert mixed with brown and 

gray, calcitic and dolomitic limestone 

TOP OF SIMPSON FORMATION. Sands and green waxy shales 


In southwestern Marion County the Empire Oil and Refining Company’s 


Bartel well No. 1 (NW. corner, SE. }, Sec. 31, T. 20 S., R. 2 E.) shows that the 
middle cherty member (zone 4) has disappeared (Fig. 9, well No. 31), but the 
remainder of the section is as thick as in the Schlothour No. 1 which is 15 miles 
northeast. Either zones 3 and 5 are present and undiminished in total thickness in 
the Bartel No. 1, although the boundary between them is not apparent in sam- 
ples, or one of the zones has thickened sufficiently to fill the interval, from which 
the other is gone. In either case erosional breaks are indicated both above and 
below the middle cherty member (zone 4). 


Loc OF Empire Ort AND REFINING CoMPANY’s BARTEL NO. 1, 
SEC. 31, T. 20 S., R. 2 E. 


Depth (Feet) 
3,080 
111 


3,135 
—3,150 


3,150 


Descriptions of Zones 
BASE OF MAQUOKETA-SYLVAN SHALE. TOP OF VIOLA LIMESTONE 
INTERPRETED AS MIDDLE LIMESTONE MEMBER (ZONE 3). About 60 per cent brown and 
gray dolomitic limestone, and 40 per cent tan calcitic limestone 
INTERPRETED AS LOWER LIMESTONE MEMBER (ZONE 5). Brown dolomitic limestone 
LOWER CHERTY MEMBER (ZONE 6). Brown unevenly colored chert mixed with gray 
dolomitic limestone 
TOP OF SIMPSON FORMATION. Sand 


Structure—The westward dip of Viola strata over much of Marion County 
(Fig. 2) reflects structural control from the Nemaha arch which is on the east. 
The beds are gone from parts of the crest of the arch as a result of post-Viola 
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erosion. Such stripped highs occur in Chase and Butler counties and probably 
extend into eastern and southern Marion County, but the wells examined do not 
delimit fully the exact extent of these areas. 

Oil zones.—Several rather small oil fields are scattered over Marion County. 
Some, like Fanska (T. 17 S., R. 1 E.) and Lost Springs (T. 17 S., R. 4 E.), produce 
from Pennsylvanian or Mississippian strata, but others, such as Hillsboro (T. 19 
S., R. 3 E.), Covert-Sellers (T. 21 S., R. 4 E.), Florence (T. 21 S., R. 5 E.), and 
Peabody (T. 22 S., R. 4 E.), find oil in pre-Mississippian rocks. Most of these 
pools were opened many years ago in the 1920’s, and samples are likely to be 
inadequate, with many gaps, or missing altogether. However, a few good samples 
are available from some pools, and more exist from near-by dry holes. These 
indicate that the oil is coming from both Hunton and Viola strata. 

In the Hillsboro field, the Shell Oil Company’s Funk well No. 2 (SW. 3, Sec. 
7, T. 19 S., R. 3 E.) initially produced 77 barrels per day from crystalline dolo- 
mitic and calcitic limestone between 2,825 and 2,841 feet, total depth. It is be- 
lieved the Hunton is missing here, and that the producing strata belong in the 
lower limestone (zone 5) and possibly also in the middle limestone (zone 3) of 
the Viola which here lies directly beneath the Chattanooga shale. 

Farther south in the Florence field (T. 21 S., R. 5 E.) production is from 
cherty dolomitic limestone which likewise lies directly beneath the Chattanooga 
shale, and has been called Viola by most geologists working in the area. But here, 
as was explained in a previous paper,”° it is believed that Siluro-Devonian ‘‘Hun- 
ton” strata underlie the Chattanooga shale, and directly overlie Viola beds, with 
the Maquoketa formation missing. The National Refining Company’s Urschel 
well No. 4 (SW. 4, Sec. 16, T. 21 S., R. 5 E.) illustrates this relationship. It was 
completed in 1920, producing 400 barrels per day from a cherty limestone at 
2,343 feet just beneath the base of the Chattanooga shale. This cherty limestone, 
here called Siluro-Devonian “Hunton,” continues downward to 2,378 feet where 
there begins a 12-foot bed of sandy limestone with some pyrite, this being con- 
sidered the unconformity which separates the Hunton and Viola formations. 
Below 2,390 feet there is a dolomitic limestone which is believed to be the lower 
limestone (zone 5) of the Viola, with possibly some of zone 3 also present, but 
with zones 1, 2, and 4 missing. 


HARVEY, NORTHERN SEDGWICK, AND NORTHWESTERN 
BUTLER COUNTIES 


Stratigraphy —In Harvey and adjacent counties midddle Ordovician lime- 
stones are thinner and more uniform in composition than farther north. Chert is 
absent in samples from most wells, and the section normally is a gray or tan crys- 
talline limestone (Fig. 23) which may be sandy near the base (Fig. 24) but other- 
wise is commonly rather pure. This is interpreted as the lower limestone (zone 5) 


20 Hall Taylor, op. cit., p. 1251. 
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with a few feet of basal clastic beds (zone 6) appearing in some wells. The upper 
and middle members (zones 1, 2, 3, and 4) do not extend this far south. In western 
Harvey County the tan and brown limestone is calcitic, and shows some black or 
gray splotches. In eastern Harvey, northern Sedgwick, and northwestern Butler 
counties it is dolomitic (Fig. 23) and rather uniform brown or gray. The stippled 
chert of zone 6 at the north is missing, but beneath zone 5 limestones in some 
wells is smooth or sugary, brown, dark-specked chert, dolocastic in residues, 
which it is believed belongs in the Simpson sand. 

In the region of the Hollow-Nikkel pool (T. 21 and-22 S., R. 3 W.), which 
produces from Siluro-Devonian but not Viola strata, Johnston” has noted a sandy 
layer intercalated in the Viola limestone. 

It has been reported that Maquoketa-Sylvan shales thin toward the south in 
central Kansas, and disappear in northwestern Butler County, leaving dolomitic 
Siluro-Devonian Hunton strata lying directly on Viola rocks of somewhat simi- 
lar appearance.” However, there is one difference. The Hunton contains varying 
amounts of tan, rough to smooth chert which is dolocastic in residues, whereas the 
Viola is a rather uniform brown or gray, chert-free dolomitic limestone. 

A recent paper by Ver Wiebe” has questioned the Siluro-Devonian age of the 
“Hunton,” and has placed the formation, together with the underlying shale 
called Maquoketa-Sylvan by this writer, in the ‘“Kinderhook” of the ‘‘Missis- 
sippian sequence of central Kansas.”’ Evidence against such a view has been pre- 
sented by Carmody” in a recent discussion of Ver Wiebe’s paper. 

In a few wells near the Nemaha arch some sand and drusy quartz is mixed 
through the entire Viola section (Fig. 25) instead of appearing only near the base. 
This relationship is exceptional, but may indicate that Simpson strata locally 
furnished sandy material from small highs during Viola time. 

Structure —Examination of a limited number of samples indicates that Viola 
limestones are missing in parts of Butler County near the Nemaha arch, but the 
extent of these stripped areas is not completely established. Viola strata dip 
gently westward from the Nemaha ridge, with minor reversals appearing at the 
sites of the Halstead pool (T. 22 and 23 S., R. 2 W.), and the Voshell anticline 
(T. 22 S., R. 3 W.) in Harvey County. 

Oil zones.—The oil fields of western Harvey County produce from Missis- 
sippian, Siluro-Devonian, and some Ordovician strata; but apparently no oil is 
produced from Viola beds. It is interesting to note that in this area the Viola, 
which is chiefly the lower limestone member (zone 5), is a rather pure calcitic 


21 Leslie A. Johnston, ‘““Pre-Pennsylvanian Stratigraphy of the Hollow Pool and Adjacent Areas 
of the Central Kansas Basin,”’ Tulsa Geol. Soc. Digest (1934), p. 12. 

2 Hall Taylor, op. cit., p. 1247. 

23 W. A. Ver Wiebe, ‘Kinderhook Dolomite of Sedgwick County, Kansas,’’ Ball. Amer. Assoc. 
Petrol. Geol., Vol. 30, No. 10 (October, 1946), pp. 1747-55. 


*R. A. Carmody, “Kinderhook Dolomite of Sedgwick County, Kansas” (Discussion), Bull, 
Amer. Assoc. Petrol. Geol., Vol. 31, No. 1 (January, 1947), pp. 159-60. 
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limestone; whereas on the south and east in Sedgwick and Butler counties this 
zone 5 Viola member becomes oil-bearing and is largely dolomitic. 

In Sedgwick County some of the oil in fields such as Eastborough, Green- 
wich,” Petrie, and Valley Center has been ascribed to the Viola. In much of this 
area Hunton strata lie directly on Viola beds with the Maquoketa missing, and some 
of the so-called Viola oil is in reality coming from the Hunton. This was recently 
noted by Carmody” in a discussion paper which states that the “Hunton dolo- 
mite, which rests directly on Viola dolomite, is the principal producing formation 
of the Greenwich field in Secs. 14 and 15, T. 26 S., R. 2 E.” 

Butler County producing zones range in age from Permian to Ordovician. 
The oil has commonly accumulated as the result of structural or stratigraphic 
traps associated with the Nemaha arch. Measured stratigraphically, truncation 
cuts progressively lower toward the axis of the arch, and brings nearly every pre- 
Pennsylvanian formation of the region into contact at some place with overlying 
Pennsylvanian beds. 

The Siluro-Devonian Hunton limestone is believed to extend over much of 
Butler County just as in Marion County on the north, and it is possible that some 
oil, hitherto ascribed to the Viola, is actually Hunton. But in other areas the 
Hunton has been removed by beveling which was concomitant with rise of the 
Nemaha arch, and oil occurs in a dolomitic limestone, believed to be the lower 
limestone member (zone 5) of the Viola, which in places directly underlies Penn- 
sylvanian strata. Such a relationship is shown in the Eldorado field by the Skelly 
Oil Company’s Hazlett well No. 43 (SE. 3, Sec. 19, T. 25 S., R. 5 E.) which passes 
at 2,475 feet from Pennsylvanian shale into dolomitic limestone which is 30 feet 
thick and oil-bearing in part, and is believed to be the lower limestone member 
(zone 5) of the Viola. Beneath this, beginning at 2,505 feet, are sands and green 
waxy shales of the Simpson (Fig. 10, well No. 39). 


SUMMARY 


A middle Ordovician limestone section, originally called Viola and now also 
considered approximately equivalent to the Kimmswick of Missouri, Galena of 
Iowa, and Fremont of Colorado, underlies Maquoketa-Sylvan shales and overlies 
Simpson sands and shales in the subsurface of central Kansas. Lithologically, it 
is divisible into six members. 

At the top is the upper limestone (zone 1), a coarsely crystalline dolomitic 
limestone which, in part at least, appears to be a zone of dolomitization beneath 
the Maquoketa-Sylvan unconformity rather than a member containing beds 
deposited during a substage of geologic time. Below this is the upper cherty member 
(zone 2), with smooth microfossiliferous chert mixed in limestone which in central 


25 Arnold S. Bunte, “Subsurface Study of Greenwich Pool, Sedgwick County, Kansas,” Bull. 
Amer. Assoc. Petrol. Geol., Vol. 23, No. 5 (May, 1939), p. 640. 


%* R. A. Carmody, op. cit., p. 160. 
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Kansas, occurs only in the north around Mitchell County. Next is the middle 
limestone (zone 3), a rather pure calcitic and dolomitic member which extends 
southward into Marion County. Below this is the middle cherty member (zone 4) 
which is still more extensive, and is characterized by black specks in the chert 
accompanying the limesfone. Most widespread of all the members is the lower 
limestone (zone 5 )which covers central Kansas except the Central Kansas uplift 
and a few isolated highs on the east. It is a rather pure crystalline limestone 
calcitic in the north and more dolomitic toward the south. Below this and at the 
base of the limestone section is the lower cherty or basal clastic member (zone 6), 
with chert, drusy quartz and sand mixed with limestone, indicating these are 
basal clastic beds of a limestone-forming sea. 

The strata are more than 250 feet thick at the north in Mitchell County and, 
through gradual disappearance of upper portions of the section, apparently as a 
result of non-deposition rather than extensive truncation, thin toward the west, 
south, and east. They are absent from most of the Central Kansas uplift, from 
some parts of the Nemaha arch, and from small local areas between those struc- 
tures. They dip gently into a trough, the Conway syncline, whose axis extends 
north and south across western Ottawa, Saline, and McPherson counties, but dips 
are reversed locally over folds. 

Comparisons with tentative correlations by Lee and others in northeastern 
Kansas indicate zones 1 to 3 may be equivalent to the Stewartville (or younger), 
zones 4 and 5 to the Prosser, and zone 6 to the lower Prosser or Decorah of Iowa. 
Correlations presented in this paper are believed to indicate at least two breaks 
in continuity of sedimentary deposition, one above and the other below the 
middle cherty limestone (zone 4), and additional breaks may occur higher in the 
section in strata which are not extensively represented in central Kansas. 
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DEVELOPMENTS IN ROCKY MOUNTAIN REGION IN 1946! 


E. W. KRAMPERT? 
Casper, Wyoming 
ABSTRACT 


The total well footage drilled in the Rocky Mountain region increased in 1946 as compared 
with 1945 due to the active development of the Rangely field in northwestern Colorado. Footage 
drilled in Wyoming and Montana in 1946 was less than that drilled in 1945. 

Oil production increased in Montana, Wyoming, and Colorado in 1946 as compared with 1945. 
The production increase in Colorado was 235 per cent due to the rapid development in the Rangely 


field. 
There were more discoveries in 1946 than in 1945 and several of them were of considerable 


importance. 


INTRODUCTION 


This report covers Montana, Wyoming, Colorado, Utah, Nevada, Idaho, 
most of North Dakota and South Dakota, and the western part of Nebraska. 
Statistical data from the outlying areas are admittedly incomplete and the figures 
on total wells and footage drilled in the more important areas are based on total 
wells drilled rather than on completions only. 

The Rocky Mountain region had very active development during the war, 
reaching a maximum in number of wells drilled in 1944, which has again been sur- 
passed in 1946. Production, as a result of increased development, increased each 
year during the war and showed a rather marked increase in 1946. 

Footage drilled in Colorado in 1945 more than doubled that of 1944, and in 
1946 again more than doubled that of 1945. This increased development is en- 
tirely due to activity in the Rangely field, which will continue through 1947. The 
success of the Rangely field has also stimulated drilling activity in other parts of 
northwestern Colorado, and adjoining parts of Utah. 

It is anticipated that wildcat drilling will continue on a large scale for several 
years in the Rocky Mountain region as a whole. 

Production in the region reached an all-time high in 1946. Montana produc- 
tion in 1946 increased 6% over 1945, Wyoming production in 1946 increased 7.3% 
over 1945, and Colorado production in 1946 increased 235% over 1945, due to 
increased production in the important Rangely field. 


STATISTICS 
Table I summarizes drilling activities in the region in 1946, with comparative 
figures for several previous years. Table II gives production figures in 1946 with 
comparative production for several previous years. Table III tabulates impor- 
tant discoveries in 1946. 


1 Manuscript received, May 27, 1947. Read by title before the Association at Los Angeles 
March 24-27, 1947. 


2 Consulting geologist. 


1283 


i 


1284 E. W. KRAMPERT 


TABLE I 
A. WELLS DRILLED IN Rocky MountTAIN REGION IN 1946 


Unsuc- 
Unsuc- 
Suc cessful Unsuc- Decper- cessful Successful essful Field 
State ces. Deeper- Outpost Outdost Wells € 
Pool Wells pes Drilled ~—of Hole 
Wells 
Tests 
Montana New pool 2 8 2 3 
Wildcat discoveries 4 15 10 2I 326 301 648,121 
Wyoming Wildcats 5 23 4 4 5 7 210 258 791,639 
rado I 16 ° 3 ° ° 258 278 1,181,427 
South Dakota ° 6 ° ° I ° 13 20,430 
tah ° 8 ° ° ° ° 16 24 41,556 
North Dakota ° ° ° ° ° ° II II 15,023 
Nevada ° ° ° ° ° ° ° ° 
B. Torat Dritiinc Activity IN Four StaTEs BY YEARS 
Montana Wyoming Colorado Utah 
Year Wells Footage Wells Footage Wells Footage Wells Footage 
1942 265 464,858 179 483,025 55 109,125 6 11,807 
1043 373 680,145 227 621,936 78 118,364 9 22,066 
1044 497 1,030,544 316 961,559 04 246,165 9 75535 
1045 412 795.858 320 987,473 134 512,246 17 21,582 
1046 301 648,121 258° 791,039 278 181, 427 24 41,556 
TABLE II 
Or PRODUCTION IN BARRELS 
State 1943 1944 1045 1046 Cumulative 
Montana 7,892,205 8,623,264 8,364,090 8,864,458 130,993 ,060 
Wyoming 34,230,711 3352455333 36,421,158 39,090,929 709,980, 589 
Colorado 2,303,335 3,075,090 5,030,063 11,828,306 67,339,540 
Utah 15,159" 21,55 20,105* 20,000 371,57 
Total 44,501,410 44,965,244 49,835,416 59,812,693 908, 684,075 


a b Distillate from Clay Basin gas field, 
b Same estimated for 1946. 


DISCOVERIES 


Discoveries in the Rocky Mountain region in 1946 total 19. Ten of these are 
classified as new fields, 6 are classified as new pools and 2 are classified as deeper 
pools according to Lahee’s classification. One gas area in Montana omitted from 
Lahee’s paper has been inserted here as an outpost discovery. 


COLORADO 


Elk Springs.—The Elk Springs field is on a small closure on the eastward ex- 
tension of the Skull Creek anticline north of the Rangely anticline. The Conti- 
nental Oil Company completed an oil well in the Weber sand at the total depth of 
6,231 feet on this structure in Sec. 30, T. 5 N., R. 98 W., Moffat County, on 
November 27, 1946. 

The well does not indicate an important discovery, but it is the first producing 
well from the Weber sand in Colorado outside of the important Rangely field. 
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MONTANA 


East Mosby.—Oil was discovered on March 3, 1946, in Sec. 6, T. 14 N., R. 31 
E., by Wm. Hanlon in the Ellis sand. This discovery is on the most easterly dome 
of the Cat Creek anticline which has not previously produced from other sands. 
Oil was discovered on another dome of the Cat Creek anticline in the Ellis sand in 
1944. Oil has been produced from the Cat Creek sands of the Kootenai formation 
on the Cat Creek anticline since 1920. 

The East Mosby field appears to be a rather important small pool and is now 
producing from both the Brindley and Ellis sands, which are closely related, both 
being of Jurassic age and underlying the Kootenai formations. 

Headlight Butte Nose—The Union Oil Company made a discovery of oil in 
the Madison limestone on Headlight Butte Nose on May 5, 1946. The well is in 
Sec. 19, T. 36 N., R. 5 W., Glacier County, Montana. This area is usually clas- 
sified as a part of the Cutbank field, but the Union discovery has been classified 
as a new field rather than an outpost. The Carter Oil Company in 1945 made the 
first discovery of commercial oil in the Madison limestone in the Cutbank area. 

Rattlesnake Butte-—H. H. Schwartz completed a well in Sec. 22, T. 13 N., R. 
28 E., Petroleum County on June 18, 1946, producing 20 barrels per day. This 
well is on a faulted dome about 12 miles southwest of the West Cat Creek field. 
The oil occurred in the Second Cat Creek sand. Several previous wells on the same 
structure had encountered showings of oil. 

A pex siructure.—Commercial gas was discovered in a well drilled by the A. A. 
Oil Company, in Sec. 4, T. 36 N., R. 3 E., Toole County, completed August 1, 
1946, producing 3 million cubic feet daily initially. The producing zone is a sand 
in the Blackleaf sandy member of the Colorado shale. 

This new field is on the Sweetgrass arch east of the Kevin-Sunburst field 

East Utopia.—The Texas Company made an important discovery of gas in a 
well drilled in Sec. 14, T. 33 N., R. 4 E., Liberty County, completed producing 20 
million cubic feet per day from the Jefferson limestone of Devonian age. 

Gas and oil had previously been discovered in the Utopia field from upper 
beds. This discovery is important in proving commercial production in the 
Devonian formation, which will probably be tested in many future wells in the 
general area east of the Sweetgrass arch. 

Devon field.—Gas was discovered in a sand in the Blackleaf member of the 
Colorado shale in the Devon area on the Sweetgrass arch east of the Kevin- 
Sunburst field. The discovery well was drilled by the Montana-Dakota Utilities 
Company in Sec. 19, T. 33 N., R. 2 E., and completed February 19, 1946, pro- 
ducing 3 million cubic feet per day. 

West Cat Creek.—Two wells listed in Table III as Rhens No. 12 and Harlan 
No. 11 are listed as new-pool discoveries in 1946. The new sands are the Morrison 

and Ellis, closely related sand of Jurassic age underlying the Kootenai formation. 
The Cat Creek sands of the Kootenai formation have yielded oil in this field since 
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1920. Oil was discovered in the Morrison and Ellis formations on another dome 
on the Cat Creek anticline in 1944. 

West Baker Glendive-—E. H. Becker drilled five small producing gas wells in . 
T. 5 N., R. 60 E., in Fallon County, in 1946. These wells are located close to, but 
across the syncline from, the Baker Glendive anticline, which has produced gas 
from the same sand for many years. 

The wells are shallow and small producers and are not listed in Lahee’s report. 


WYOMING 


Dubois.—Sinclair Wyoming completed an oil well producing from the Phos” 
phoria member of the Embar formation of Permian age on the Dubois structure 
on February 27, 1946. The well is in Sec. 11, T. 42 N., R: 101 W., Fremont County, 
and is the most westerly production found to date in the Wind River basin area. 

The oil is asphaltic base of low gravity and the well does not indicate a field of 
much importance. 

Corley dome.—The Continental Oil Company completed the discovery well 
on the Corley dome in Sec. 3, T. 43 N., R. 93 W., Hot Springs County, on June 
12, 1946. Several additional wells were drilled before the end of the year. 

Development indicates a small pool productive from the Phosphoria member 
of the Embar formation at an average depth of 4,100 feet. 

Table Rock.—The Texas Company completed a small gas well at the top of 
the Lance formation of uppermost Cretaceous age on the Table Rock structure 
in Sec. 1, T. 18 N., R. 98 W., Sweetwater County, on April 14, 1946, at 3,831 feet. 

The Table Rock field is in the Red Desert Basin east of the Rock Springs up- 
lift. The discovery is of little importance except to indicate closure on a structure 
located in a deep structural basin. 

Church Buttes.—The first Church Buttes well was listed as completed on June 
21, 1946, although drilled to its total depth in the previous year. The discovery 
well was drilled by Mountain Fuel Supply Company in Sec. 8, T. 16 N., R. 112 
W., Uinta County, and at the time of its completion was the deepest well in 
Wyoming (12,894 feet). 

Two subsequent wells indicate a large productive area on a deep-seated low 
dome in a deep structural basin (Green River Basin) west of the Rock Springs 
uplift. The productive zone is the Dakota group of sands containing wet gas and 
distillate under very high pressure. 

The discovery is of special importance as an indication of the possibilities of 
production at depths below 10,000 feet in the deep structural basins of the Rocky 
Mountain region. 

Mush Creek.—A new discovery is reported in the Mush Creek area of Weston 
County, Wyoming. This well was drilled by Morton and Siegel in Sec. 16, T. 44 
N., R. 62 W. Oil was found in the Newcastle sand at 3,365 feet. 

At least one well has been previously reported as a discovery well in the Mush 
Creek area but it was several miles farther west. 
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The Mush Creek area is a homocline dipping about 175 feet per mile off the 
southwest flank of the Black Hills uplift. The producing formation is the New- 
_ castle sand, which has a rather consistent thickness of about 60 feet as a zone, but 
contains lenticular porous sands. 

The lenticular porosity is capable of trapping oil and gas in the homoclinal 
structure. Conditions in this area are similar to those in the Osage field several 
miles farther north. 

Circle Ridge-—The Continental Oil Company completed a deep test on Circle 
Ridge dome to the Madison limestone on November 19, 1946 at the total depth 
of 1,947 feet. The discovery well produced 120 barrels per day from the new zone. 
The field is in T. 6 N., R. 2 W., Fremont County, and produces similar oil from 
the Embar and Tensleep formations. 

Black Mountain.—The Texas Company completed a deep test on the Black 
Mountain anticline to the Madison limestone on July 30, 1946, at the total depth 
of 2,980 feet. The discovery well produced 160 barrels of oil and 77 barrels of 
water per day from the new zone. The field is in T. 43 N., R. 91 W., Hot Springs 
County, in the southern part of the Big Horn Basin and produces similar oil from 
the Embar and Tensleep formations. 

Elk Basin.—The Stanolind Oil and Gas Company as unit operator completed 
a producing Madison limestone well in the Elk Basin field on December 14, 1946, 
at 5,300 feet. The producing section is indicated as being several hundred feet 
thick. The discovery well, perforated into the lower part of the saturated section, 
yielded 240 barrels per day of 28° gravity oil similar to the oil produced from the 
Tensleep sand. 

Big Dry Piney.—A new gas pool is reported in the Big Dry Piney field in 
Sublette County, Wyoming. The discovery is the Superior Oil Company’s well in 
Sec. 34, T. 30 N., R. 113 W. Gas is produced from a sand in the Eocene Wasatch 
formation. 
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GEOLOGICAL NOTES 


GEOSYNCLINAL NOMENCLATURE AND THE CRATON! 


MARSHALL KAY? 
New York, New York 


INTRODUCTION 


Geosynclines are the largest stratigraphic units, comprising rocks of relatively 
great thickness and extent laid in sinking areas in the earth’s surface. Classifica- 
tion is based on the rocks, rather than on the form of the original surface of 
deposition, or on subsequent tectonic or vulcanic history. Some have referred to 
oceanographic “‘troughs” and structura] synclinoria as geosynclines. Though the 
etymology of the word, earth down-fold, does not exclude them, the original 
definition*® gives rocks as representatives, considers geosynclines to be potential 
sites of orogeny though including unfolded examples, and definitely excludes 
synclinoria. 

CRATON 


North America had a comparatively stable interior in the early “Paleozoic, 
bordered by more mobile geosynclinal belts. A consolidated, rather immobile area 
such as this central shield is a craton‘ (kra’-tén)*, the adjoining geosynclines are 
orthogeosynclines® (that is, straight), geosynclines lying between cratons, whether 
higher continental or lower oceanic cratons. The monoclinal flexure or hinge de- 
limiting the North American early Paleozoic craton trended on present geography 
from Labrador toward Quebec City, thence through northeastern New York, 
south-central Pennsylvania, northwestern Virginia, and eastern Tennessee, to 
central Alabama; the medial Ordovician position is the Adirondack line (Fig. 1).7 
That on the west, along the Wasatch line,® extended from western Mackenzie 


through western Alberta, Montana, and Wyoming to central Utah, southeastern 


1 Manuscript received, March 8, 1947. 
2 Professor of geology, Columbia University. Suggestions of Professor W. H. Bucher are particu- 
larly appreciated. 


3 J. D. Dana, “On Some Results of the Earth’s Contraction from Cooling Including a Discussion 
of the Origin of Mountains and the Nature of the Earth’s Interior,” Amer. Jour. Sci., 3d Ser., Vol. 5 


(1873), P. 430. 

4 Hans Stille, ‘““Wege und Ergebnisse der geologisch-  jpaamaanee Forschung,” 25 Jahre Kaiser 
Withelm Gesellsch. Fird. Wissensch., Bd. 2 Gest), pp. 84-85 

5 Pluton and allochthon have similarly pronounced oa 

6 Hans Stille, op. cit. (1936). 

7 Marshall Kay, “Development of the Northern Allegheny Synclinorium and Adjoining Re- 
gions,” Bull. Geol. Soc. America, Vol. 53 (1942), p. 1748. 

8 Hans Stille, Einfithrung in den Bau Amerikas, Borntraeger, Berlin, 1940 (1941), p. 83. 
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Nevada, and western Sonora. A craton is transitory, expanding as orogenies add 
rocks of former orthogeosynclines, contracting as new orthogeosynclines reduce 
its area. 

North America is perhaps peculiar in that the early Paleozoic craton has had 
persisting influence on continental development, and has close correlation with 
present structure. Although the eastern side lost the initial bordering geosyncline 
by the middle Paleozoic, the western flexure endured into late Mesozoic. The 
area of this early Paleozoic North American craton is designated as an hedreo- 
craton (steadfast),® one having long continuing influence. 


ORTHOGEOSYNCLINES 


The classification of geosynclines is based on their form, the character and 
derivation of their rocks, and in the principal classes, on their position relative 
toacraton. The linear orthogeosynclines between cratons are of two types, mio- 
geosynclines (less) and eugeosynclines (truly).!° Those nearer the craton, the 
miogeosynclines, were rather regularly sinking as deposition progressed and lack 
appreciable volcanic material; North American early Paleozoic miogeosynclines 
derived their initial detritus from erosion of the hedreocraton. The more distant 
eugeosynclinal belts had rapidly sinking linear geosynclines with locally thick 
and abundant volcanic rocks, as well as sediment eroded from rising narrow in- 
tervening lands, like island arcs. The early Paleozoic rocks in the eastern eugeo- 
synclinal belt of North America extend from central Newfoundland throughNew 
Brunswick, Maine, New Hampshire, and central Massachusetts to the Atlantic 
Piedmont; possibly eastern Newfoundland and Nova Scotia lie in an opposite 
miogeosynclinal belt. Devonian orogeny with accompanying intrusion closed the 
eugeosynclinal history. Paleozoic and early Mesozoic rocks in the western eugeo- 
synclinal belt extend westward to the Pacific from-central Alaska, Yukon and 
British Columbia, western Idaho and central Nevada, occupying all but south- 
eastern California; eugeosynclinal development ended with the late Jurassic 
Nevadian orogeny. 

The present areas of the early Paleozoic eastern miogeosynclinal and eugeo- 
synclinal rocks have been called the Champlain and Magog belts.” It is proposed 
that the corresponding western belts of miogeosynclinal and eugeosynclinal rocks 
be called the Millard and Fraser belts, after Millard County, Utah and Fraser 
River, British Columbia. The Millard belt had exceptionally broad and long 


® Pre-Paleozoic cratons had quite different disposition; thus the pre-Algoman rocks north of 
Lake Superior and east to western Quebec formed in an orthogeosynclinal belt (F. J. Pettijohn, 
“Archean Sedimentation,’ Bull. Geol. Soc. America, Vol. 54 (1943), Pp. 968); and the late pre-Cam- 
brian Beltian sediments of the west (N. E. A. Hinds, “Uncompahgran and Beltian Deposits in West- 
ern North America,” Carnegie Inst. Washington Pub. 463 (1936), pp. 53-136) formed in a great geo- 


- syncline extending far into the hedreocraton. 


10 Hans Stille, op. cit. (1941), p. 15. 
11 Marshall Kay, “Stratigraphy of the Trenton Group,” Bull. Geol. Soc. America, Vol. 48 (1937), 
Pp. 290. 
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continuing miogeosynclinal development in Paleozoic and earlier Mesozoic, sub- 
marine volcanic rocks being almost absent; it is not now a miogeosyncline, and 
the rocks were so distorted by post-miogeosynclinal orogenies as to require 
restoration to their original relative geographic positions on palinspastic base 
maps” to give true paleogeography. The eastern margin has major Laramian™ 
thrusts, and plutons are present in limited areas. The Fraser belt contains rocks 
of Paleozoic and earlier Mesozoic eugeosynclines and intervening narrow lands; 
the rocks in the belt are of types characteristic of eugeosynclines interruptedly in 
place and time. It contains the principal Jate Jurassic Nevadian plutons, and its 
eastern margin is a zone of major thrusts. 


GEOSYNCLINES WITHIN CRATONS 


Three types of geosynclines lie outside the orthogeosynclines and within the 
cratons. A geosyncline invading the margin of a craton, having detritus gained 
principally from orogenic higliands in the adjacent belts of orthogeosynclinal 
rocks, was called by the writer a deltageosyncline.* The term was ill chosen and 
confusing, for it has been supposed to include deposits in various stream deltas. 
Therefore, it is proposed that exogeosyncline (outside) replace the term deltageo- 
syncline, in reference to the principal source of detritus being outside the craton; 
the Upper Ordovician, earlier Silurian, and later Devonian of Pennsylvania and 
adjacent states are typical; stratigraphic units commonly diverge until they 
closely approach the source. The second type, the autogeosyncline® has in the 
typical Upper Silurian and Devonian of lower Michigan, non-detrita] carbonates 
and salines, and detritus from low near-by land and from orogenic mountains in a 
distant orthogeosynclinal belt; stratigraphic units generally converge gradually 
from the center or axis of the deposit. Autogeosynclines may trend toward ortho- 
geosynclinal belts, but seem essentially independent of them; the structure of the 
base changed from a plane to a basin or trough as the geosyncline developed. An 
exogeosyncline tends to diminish gradually and regularly within the craton or to 
pass into autogeosynclinal patterns, as in the earlier Upper Cretaceous of the 
western hedreocraton, whereas a miogeosyncline tends to meet the craton in a 
distinct flexure. American Paleozoic and Mesozoic exogeosynclines enter the 
margin of the hedreocraton. A third type, the seugogeosyncline® (yoked), has 
detritus from near-by uplifts within the craton, as in the late Paleozoic of north- 
western Colorado. 


12 Marshall Kay, ‘“‘Paleogeographic and Palinspastic Maps,’’ Bull. Amer. Assoc. Petrol. Geol., 
Vol. 29 (1945), Pp. 426-50. 

13 Structures formed in the Laramian orogeny are Laramides: ibid., pp. 447-49. 

14 Marshall Kay, “‘Development of the Northern Allegheny Synclinorium and Adjoining Regions,” 
Bull. Geol. Soc. America, Vol. 53 (1942), p. 1643. 

18 Marshall Kay, ibid. 

16 Marshall Kay, “North American Geosynclines—Their Classification” (abstract), Bull. Geol. 
Soc. America, Vol. 56 (1945), Pp. 1172. 
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OTHER GEOSYNCLINES 


There are other geosynclinal types whose definition does not depend on their 
relations to the hedreocraton. A taphrogeosyncline™ (trench) is bounded by high- 
angle faults, as in the late Triassic geosynclines of the Atlantic Coast. An epieu- 
geosyncline!® (above) has elongate, relatively non-volcanic deposits derived from 
adjoining rising swells in areas of former eugeosynclines, as in the Carboniferous 
of Nova Scotia, and the Tertiary of California. The idiogeosyncline'® (distinct), 
based on the Tertiary of central Sumatra and Java, has not been defined on a 
comparable basis, but suggests a late-cycle miogeosyncline. A paraliageosyn- 
cline®® (coastal) is one such as the Tertiary of the northern Gulf of Mexico coast, 
a linear geosyncline along the present continental margin, having flexures on the 
foreland similar to those delimiting miogeosynclines. 


GEOSYNCLINAL DURATION 


Geosynclines have temporal as well as geographic limits. Deformation in a 
single cycle commonly but not invariably progresses from orogenies in the eugeo- 
synclinal belts to those in the miogeosynclinal belts, with development of exogeo- 
synclines on the cratonal border, and consolidation in an enlarged craton. Subse- 
quent cycles may have quite different positions and trends. Thus, there are belts 
of pre-Cambrian eugeosynclinal rocks that trend across the early Paleozoic 
cratons of North America and Fennoscandia. Moreover, eugeosynclines can 
overlie miogeosynclines, and there are instances of eugeosynclines that closely 
approach a craton. Though many geosynclines have the characters of a single 
class others are compound in their attributes. The Jate Upper Cretaceous of the 
western part of the North American hedreocraton is principally exogeosynclinal, 
but has independently sinking autogeosynclinal areas, and others of zeugeosyn- 
clinal nature adjoining rising swells in the earlier exogeosynclinal belt. 


17 Marshall Kay, “‘Geosynclines in Continental Development,’’ Science, Vol. 99 (1943), p. 462. 
18 Marshall Kay, op. cit. (1945), p. 1172. 


19 J, M. B. Umbgrove, ‘‘Verschillende typen van tertiaire geosynclinalen in den Indischen Archi- 
pel,’”’ Leidsche Meded., Vol. 6 (1933), 33743- 


20 Marshall Kay, op. cit. (1945), p. 1172. 
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SURVEY OF COLLEGE STUDENTS MAJORING IN GEOLOGY 


A. I. LEVORSEN 
Stanford University, California 


The chart is a continuation of the surveys of recent years. It shows the trend in the 
number of college students majoring in geology in the United States and the placement 
of those leaving school during the calendar year, 1946. The latest figures are for January, 
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SALT-DOME STRUCTURE! 
(PRELIMINARY NOTICE) 


ROBERT BALK? 
South Hadley, Massachusetts 


‘ At the invitation of the research committee of the American Association of 
i Petroleum Geologists, the writer had an opportunity, in August, 1946, of making 
a brief inspection of the salt mines in the Hockley, Grand Saline (Texas), Winn- 
field, Jefferson Island, and Weeks Island (Louisiana) salt domes. The purpose of 
the visit was to examine the feasibility and desirability of a structural investiga- 
tion of some salt domes. This note describes some of the structural features seen 
and points out some related geological problems. 

Megascopic structure.—The salt in all five mines shows a layered structure of 
white and gray salt. White salt is almost pure halite; gray salt contains a small 
proportion of anhydrite and, rarely, a few additional compounds. Salt layers vary 
in thickness from a fraction of an inch to several feet; white salt seems far to ex- 
; ceed the amount of gray salt. Layer boundaries, sharp from the distance, are 
elusive in hand specimens, and salt crystals, about } cubic inch in size, may grow 
across layer boundaries. Most grains seem to be equant, and the texture of the 
salt is compact, but in a few places distorted halite crystals were seen in crude 
alignment, resembling the structure of coarse-grained gneisses. 

Folds.—On vertical walls of the mines, salt layers stand in nearly vertical 
position. Dip angles as low as 45° were noted in places, but seem to be the ex- 
ception rather than the rule. In sharp contrast with this rather monotonous suc- 
cession of steep salt layers on the walls is the salt structure in the ceilings. Here a 
remarkable array of folds is exposed in cross section. Their axes are nearly vertical 
so that the observer looks nearly parallel with them, and the horizontal ceilings 
are cross sections of the folds. Large folds must be traced through contiguous 
tunnels and rooms, but under favorable conditions they can be followed for 
hundreds of feet. Smaller folds are completely exposed within individual room 
ceilings (Fig. 1). There are open folds as well as isoclinal folds. Many limbs carry 
smaller secondary, and even ternary, folds, and tightly appressed shear folds are 
common among these. How far individual folds can be traced will depend on the 
orientation of the mine tunnels and also on the persistence of salt layers. As in 
folded marbles, dark salt layers tend to lens out, and may be lost even where ceil- 
ing exposures continue. 

Looking up at places where several groups of limbs have been kneaded into 


1 Manuscript received, March 15, 1947. 


2 Mount Holyoke College. It is a pleasure to acknowledge the helpful cooperation of S. W. Low- 
man, M.°K. Hubbert, and Paul Weaver. I am under special ot ligation to Marcus A. Hanna for the 
opportunity of discussing many salt-dome problems, and permission to use his office while ir Hous- 
ton; he very kindly arranged the itinerary of my trip, and while en route. I benefited from the rich 

experience and advice of several other geologists of the Gulf Oi] Corporation. Thanks are likewise 
| due the managers and foremen of the various salt mines who gave generous information on each salt 
dome, and provided me with mine plans. 
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each other (Fig. 2), one can not fail being impressed by the immensity of deforma- 
tion which the salt has fixed by its fold structure. 

Closures.—Closures of folds are seen in places (Fig. 2). Complete circular, el- 
liptical, or sigmoidal traces of one and the same layer can mean only that within 
the large salt dome there are smaller ones. Are they found near the top of a dome 
only? Or can they be expected at lower levels as wel]? Fortunately, in one mine 
there are two levels, and it may be possible there to measure the rate of vertical 
upward tapering of closed folds. Plastic flow of the salt is evidenced by the fact 
that layers adjacent to closure do not indefinitely conform to this fold center, but 
a certain layer breaks away from it, and continues in a new direction as part of 
another fold. 

Coarse salt—At Winnfield, and elsewhere, the miners pointed out a few places 
where the salt is exceptionally coarse. The miners know these places well for 
large, flawless cleavages can occasionally be obtained there for optical purposes. 
Judged from the brief inspection, the coarse salt forms irregular masses, and is 
generally white. 

Lack of fractures.—Perhaps the coarse salt masses have developed through 
precipitation from brine under somewhat exceptional conditions. In that case, it 
would be reasonable to expect, here and there, other evidence of brine circulation. 
Strangely enough, no such evidence has come to the writer’s attention. There 
seem to be neither cross-cutting layers of salt, from the existence of which one 
might infer that salt crystals were precipatited along a fracture, nor a single joint 
in any of the exposed salt surfaces, except for minor cracks due, it was said, to 
blasting. This lack of natural fractures stands in contrast with impressive cracks 
on the walls of the support pillars at Weeks Island, caused by heavy blasting. 
Despite their magnitude and incipient gaping, the miners are not alarmed. They 
pointed out several places where the outward-bulging plates crumble into heaps 
of loose granules rather than spall off and crash into the tunnels. 

Suggested problems.—Unquestionably, careful mapping of the salt structure 
should advance our knowledge of the remarkable type of plastic deformation in 
nearly vertical directions. Although the general columnar shape of most salt 
domes seems well established, we lack as yet information on the orientation of the 
salt layers within the domes,—obviously an important matter. Should there be 
prevailing strikes of the layers in an appreciable part of the cross section of a 
dome, one may infer that the dome as a whole has a direction of elongation in 
plan. The origin, location, and shape of coarse salt masses deserve close attention 
for they may throw some light on the time relationship of deformation, brine 
circulation, and crystal growth. In one mine, salt crystals exhibit commonly 
distorted shapes and translation “steps” on cleavage faces, which may also yield 
some Clues to the mechanics of deformation. 

The crystallographic orientation of the halite and anhydrite crystals will be 
difficult to determine. In a few places, halite crystals are elongated in directions 
parallel with fold axes. The same was noted, at Winnfield, for pencil-shaped 
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aggregates of anhydrite. Where anhydrite crystals are sufficiently numerous, it 
may be possible to prepare oriented thin sections. Anhydrite crystals collected 
from insoluble residue at Jefferson Island are stubby prisms, with characteristi- 
cally pitted basal terminations. The orientation of these prisms within the salt is 
unknown. 

Once the salt structure will have been mapped in detail, a number of related 
geological problems are likely to emerge. Possibly, local zones of overhang are re- 
flected in systematic, one-sided dip of contiguous salt layers. Variations in the 
pitch angles and azimuths of fold elements may likewise have their bearing on the 
orientation of salt-dome flanks. The rather active circulation of brine and gas in 
one dome raises special questions. 

The person mapping the salt will probably need information from oil geolo- 
gists and sulphur-mining companies concerning drilling and well data, thermal, 
gravity, and ground-water conditions in the vicinity of the dome borders. None 
of the salt mines actually reaches the dome borders, and only an exchange of such 
information should be able to integrate all available facts from which the story 
of the growth of these remarkable domes may be pieced together. 
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DISCUSSION 


DISTRIBUTION OF OCEANS AND CONTINENTS! 


CHESTER R. LONGWELL? 
New Haven, Connecticut 


The origin and history of continental masses and ocean basins are matters of large con- 
cern to students of the Earth, who will give attention to W. G. Woolnough’s recent ex- 
cursion into this fascinating but speculative field.* Even though such discussions can lead 
to no positive conclusions, they stimulate us to re-examine our globes and our major 
geologic concepts. 

Woolnough presents once more the tetrahedral hypothesis, which in his view has not 
received from geologists the attention it merits. He suggests that imperfect development of 
the tetrahedral form resulted in large part from an accident in an early stage of the Earth’s 
history, evidenced by the great “wound” of the Pacific basin. A further thesis of his paper 
is that forces acting to adjust the malformed tetrahedron have caused continental drift, 
with particularly large displacements of Australia, India, and South America. Continued 
adjustments toward the tetrahedral form have been responsible for recurrent (‘periodic’) 
orogenic deformation. Thus Woolnough regards the tetrahedral concept as the most 
promising key to an understanding of the Earth’s major topographic and tectonic fea- 
tures—excepting the Pacific “wound,” which requires a special explanation. 


TETRAHEDRAL HYPOTHESIS 


In explaining the sphere as the figure with minimum surface for a given volume, the 
author does not specifically mention gravity as the force dictating the nearly spherical 
form of the Earth. He does recognize the importance of strength in a spherical shell which, 
in adjusting to a shrinking interior, may tend to assume the form of a tetrahedron, the 
figure possessing minimum volume for a given surface. The theoretical reason for such a 
tendency seems clear enough. A strong outer spherical shell will resist a force striving to 
decrease its dimensions, and will tend to assume a form, consistent with smaller volume, 
which permits the smallest loss in area. Although it may be possible to demonstrate such a 
tendency in a small-scale experiment, by arbitrary choice of a shell with suitable thickness 
and strength, we should not ignore critical elements in the problem in any attempt to 
reason from the toy model to a body with the magnitude and the gravitational force of the 
Earth. If the assumed tetrahedral quoins, dihedral angles, and depressed faces were actu- 
ally initiated in the Earth, they could be maintained only by virtue of strength in the crust 
sufficient to carry indefinitely the large and persistent stresses due to gravity. Geologic and 
physical studies tell us that rocks composing the Earth’s crust are weak as measured on a 
scale of geologic space and time.‘ This consideration alone places the concept under serious 
suspicion. However, there are other important aspects of the matter. 

Readers may well question the supposed role of the Pacific ‘“‘wound” in causing the ex- 
treme distortion of the original tetrahedron postulated by Woolnough. Although he does 


1 Discussion received, February 15, 1947. 
2 Department of geology, Yale University. 
3 Bull. Amer. Assoc. Petrol. Geol., Vol. 30, No. 12 (December, 1946), pp. 1981-2012. 


‘See, for example, M. King Hubbert, “Strength of the Earth,” Bull. Amer. Assoc. Petrol. Geol., 
Vol. 29, No. 11 (November, 1945), pp. 1630-53. 
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not state a mechanical reason for such distortion, presumably he thinks of the “wound” 
as an area of weakness in the crust. But if fully one half of a spherical shell were unable to 
bear its share of the stress, surely there is no possibility that any approach to the tetra- 
hedral figure could be made or maintained. Comparison with an apple injured during its 
growth has no validity for a geometric figure whose very existence depends on the ability 
of all its parts to endure critical stresses. 

Woolnough prefaces his discussion with a list of 14 “objective facts’ which must be 
considered in any genetic theory relating to the form and structure of the Earth. Strangely, 
there is in this list no mention of what we know about gravitational control in determining 
the form, a subject to which geodesists and geologists have given particular attention 
during the past half-century. The following conclusions rest on large accumulations of 
quantitative data won by geologic and geophysical research. 

1. Continental masses are composed predominantly of siliceous rock (sial) extending 
to an average depth of tens of kilometers. Under ocean basins the sial extends to small 
depth or is absent, and mafic rock (sima) is predominant. 

2. Major segments of the Earth’s crust are in closely approximate isostatic balance. 

These conclusions appear fatal to the tetrahedral hypothesis. If the continents exist 
as the surfaces of low-density plates in buoyant equilibrium, they can not represent also 
the quoins and dihedral edges of a tetrahedron, held up by the strength of the crust in 
defiance of gravity. Perhaps it will be suggested that the crust originally had an essentially 
uniform composition of sima, and that sial developed from the initial quoins and dihedral 
edges through age-long weathering and other processes, as postulated by Lawson.’ Such a 
suggestion, however, does not meet the critical objection. Any considerable distortion of 
the spheroidal surface to form angles or faces of a tetrahedron would produce unmistakable 
groups of large gravity anomalies. Although gravimetric surveys of the Earth are by no 
means complete, they have gone far enough for detection of tetrahedral abnormalities if 
they existed. The densest nets of gravity stations are in North America and Europe, on or 
near two of the postulated quoins. Values on the Baltic shield indicate only slight depar- 
ture from balance, logically related to deglaciation. Values over the Atlantic and Pacific 
basins show no striking abnormalities except in strips closely related to active orogenic 
belts. Cumulative results of the surveys proclaim the rule of gravity (modified by the 
centrifugal force of rotation) in shaping the Earth. 

In spite of these fundamentai considerations, advocates of the tetrahedral concept 
present appealing arguments based on the global pattern. One of the points most em- 
phasized, the antipodal arrangement of continents and oceans, is vulnerable on several 
counts. Study of a globe reveals that except for Antarctica, Australia, and southern South 
America, the continents are grouped within an area covering considerably less than half 
the surface of the sphere. The major continents, therefore, are almost inevitably antipodal 
to ocean. It is true that antipodal Australia falls neatly into the North Atlantic. However, 
Australia as a separate entity has no place in the theoretical tetrahedron. If continuous 
land extended and widened northward from Australia, according to theory, it would com- 
pletely blanket antipodal South America. Antarctica is essentially antipodal to the Arctic 
Ocean; this item scores for the hypothesis. However, the Arctic Ocean truly is a puny 
makeshift for a tetrahedral face. The explanation that this face was invaded by three 
quoins and the included dihedral angles, which are 30° or 40° too far north, does not carry 
conviction. The tetrahedron could exist at all only by virtue of a crust that remained intact 
and strong. If these qualities were destroyed the figure would disappear, not persist as a 
distorted caricature. 

Thus even the superficial arguments for a tetrahedral Earth require apologies that 


5 A. C. Lawson, Bull. Geol. Soc. America, Vol. 43 (1932), PPp- 357-600. (Lawson’s postulate had no 
direct relation to the tetrahedral concept.) 
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strain credulity. The case for the hypothesis breaks down decisively under the test of gravity 
values and isostasy, as explained in the foregoing paragraphs. No one relishes less than 
the writer this harsh verdict against a beautiful concept. However, Woolnough’s complaint 
that geologists are neglecting the hypothesis seems to have an answer. Many of us have 
studied the hypothesis carefully, have found it wanting, and have ached placed it in 
the file marked “‘of historical interest only.” 


CONTINENTAL DRIFT 


As Woolnough acknowledges, the tetrahedral and continental-drift concepts appear 
to be basically antagonistic. The former demands great strength throughout a crust which 
is to function as a tectonic unit; whereas large-scale differential movements such as are en- 
visaged by proponents of the continental drift hypothesis imply a lack of fundamental 
strength in large segments of the outer shell. It is surprising, therefore, that a serious at- 
tempt is made to harmonize these concepts which seem mutually exclusive. 

The mechanism suggested by Woolnough for moving continents thousands of miles 
horizontally is not outlined clearly enough for comprehension. Evidently the continental 
masses are considered not as essential parts of a strong crust, but as superficial plates 
urged along in some fashion by stresses in an underlying strong shell that cause slow mi- 
gration of dihedral edges toward their rightful places in the tetrahedron. It is fair to ask 
why or how a change in position of a dihedral edge would involve lateral transfer of mate- 
rial in the crust. Moreover, if it were possible to push the continental masses into theoreti- 
cal positions of dihedral edges the result would be only a false impression, since these 
masses rise above sea-level by virtue of their low density in relation to the sima of adjoin- 
ing ocean floors. The supposed tendency toward the tetrahedral figure, if it is a reality, 
must be a matter of dynamics within the crust and not merely a matter of surface form. 

Woolnough’s concept of continental drift seems unique in its limitation of large-scale 
movement to the southern continents—aside from peninsular India, which has launched an 
aggressive assault north of the equator. Other advocates of the hypothesis are impressed 
with evidence purporting to establish large westward migration of North America. Wool- 
nough discounts this evidence, acceptance of which would greatly weaken the case for the 
tetrahedral figure, into which North America, with its present location, is found to fit 
reasonably well. This necessity for compromise illustrates the unhappy quandary arising 
from the attempt to ride two horses that are headed in opposite directions. 

Probably the writer’s analysis to this point appears wholly destructive. This is not in- 
tentional, especially in view of Woolnough’s frank appeal for friendly consideration of his 
speculations, which are offered as a possible contribution in an attack on obscure problems. 
Evidently he has reached two honest and firm convictions: (1) that major features of the 
Earth indicate an unmistakable tendency toward the tetrahedral figure; (2) that large 
horizontal displacements of continents have occurred, and probably are continuing. Pos- 
sibly these concepts are not wholly irreconcilable if we have due regard for the element of 
time. Since Earth-history has been immensely long, and since our speculations may range 
widely in the matter of changing conditions, the writer suggests the following modification 
of Woolnough’s combined hypothesis. 

In the beginning the Earth’s crust was uniformly basaltic in composition. During a 
long stage in its development the crust was strong enough to maintain a modified tetra- 
hedral figure. Dihedral edges protruded to form narrow continents. Under age-long weather- 
ing, erosion, and igneous activity, the continental rocks were slowly changed to the com- 
position of sial, as suggested by Lawson. The gradational processes constantly widened 
the continental areas and made them more irregular in outline. Finally a profound internal 
change caused weakening of the crust, until its capacity to maintain any semblance of the 
tetrahedral figure was lost. By this time, however, differentiation of the sialic masses was 
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far advanced and the continents persisted, by virtue of isostatic balance. Slow convection 
currents beneath the weakened crust caused large lateral displacement of some continents. 
These movements greatly distorted the tetrahedral pattern, but a suggestive outline re- 
mains as a relic of the earlier stage when the tetrahedral tendency functioned. 

This impromptu hypothesis, like any other in a vaguely defined field, has obvious 
vulnerable elements. The assumed loss of strength in the crust with passage of time will be 
difficult to rationalize. However, the unknown terms in equations for the Earth are legion 
and our only hope for progress lies in multiple hypotheses. The suggestion represents the 
writer’s best effort to meet the plea for discussion in good faith and a spirit of friendly 
cooperation. 


REPLY TO DISCUSSION 


W. G. WootnoucH (“Callabonna,” 8 Park Avenue, Gordon, New South Wales, 
Australia, May 5, 1947).—I gladly welcome Chester Longwell’s fair and constructive dis- 
cussion of my recent paper embodying the idea of the tetrahedroid distribution of con- 
tinents and oceanic basins on the earth. 

In regard to the Pacific ‘scar’ I have clearly made too much of the traumatic injury 
idea. While this appeals strongly to me, it is not the only explanation of the unquestioned 
objective fact of the uniqueness of the Pacific Basin. In his recent presidential address to 
the Australasian and New Zealand Association for the Advancement of Science in Adelaide 
Patrick Marshall, the veteran New Zealand geologist, has stressed the antiquity of this 
basin and its dominating importance as a world feature, so that I find myself in very dis- 
tinguished company here. From, the earliest times, then, the Pacific floor appears to have 
been strong and persistent, and capable of exercising a profound influence on the rest of the 
surface. 

In regard to my failure to consider adequately the results of geophysical research, I 
have not ignored this, but I believe that the concept of a relatively highly plastic earth has 
been unintentionally exaggerated for two reasons. Firstly, I have been led to the conclusion 
that we, at the present time, are living, not in a normal era, whose conditions constitute a 
model of phenomena which have predominated throughout geological history, but in the 
closing stages of one of the great, recurrent disatrophic eras, that of Alpine folding. During 
such eras plastic deformation of the earth’s crust attains its maximum. Such eras are brief 
in duration as compared with the intervening periods of high crustal stability and pre- 
sumably of high crustal strength. I am convinced that research with this idea as its basis 
may well mark one of the next major advances in fundamental geological appreciation. 
Secondly, there has been necessarily a disproportion in the areal distribution of intensive 
geophysical work referred to by Longwell. Such work has been done principally by the 
world’s most advanced scientific nations, and therefore predominantly in western Europe, 
the United States, and Japan, that is, in regions where plastic deformation is strongly in 
evidence. Without belittling in any way the achievements of geophysics, I feel that the 
extrapolation of special results to general cases is as yet premature. 

In regard to continental drift, I certainly do envisage direct carriage of the roots of the 
continents attached to progressively deeper dihedral edges, striving for ultimate symmetry 
of tetrahedral development. As stated, there seems reason for suspending judgment con- 
cerning the real strength of the earth until the factors there mentioned have been fully 
faced and thoroughly evaluated. 

In the matter of continental drift, I myself am an unwilling convert to the concept. For 
nearly fifty years I have been profoundly convinced of the general accuracy of the theory of 
permanence of ocean basins and continental areas, and only reluctantly have been com- 
pelled by my enforced closer study of the problem of Gondwana Land, with its climatic and 
paleontological problems, to the realization that continental drift and continental drift 
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only, among the theories which have been advanced, can offer any hope of solution of the 
abnormalities. 

The symposium, Theory of Continental Drift, published in 1928 by the Association, in- 
dicated that there was still a very large measure of doubt in the minds of an influential sec- 
tion of Northern Hemisphere geologists as to its applicability in regard to conformity be- 
tween Europe and North America. I visualize, dimly it is true, that closer consideration of 
the tetrahedral figure may suggest certain explanations of such conformities as do exist; 
But I am too old to attempt this, nor will the answer be arrived at within my nearly 
finished lifetime; but it is a subject worthy of consideration by the coming generation of 
geologists, even from the negative angle. 

Suggestions have been made for testing continental drift by accurate measurements of 
longitude. From memory, those which have been considered deal with changes between 
Europe and North America. If there is anything in my thesis, the results of such measure- 
ments should be entirely inconclusive. It would be interesting to know whether such 
comparisons have been carried out as between one of the “stable’”’ areas and one of the 
three major “drifting” areas, South America, India, and Australia. Even if the drift were 
still at its height it is very questionable whether the crustal movements were rapid enough 
for detection during the infinitesimal time included within the era of measurement exact 
enough for the purpose. If, in addition, my contention is correct that we are living during 
the closing stages of a period of diastrophism (which I regard as synonymous with one of 
continental drift) failure to obtain positive results seems almost axiomatic. 

I still maintain that, admittedly fragmentary and crude as is my presentation of the 
suggestion put forward by me, it does draw attention to a number of objective facts, not 
the least of which is the very close approximation to antipodal position of continents and 
oceans sufficiently nearly in the positions ascribed to them under the tetrahedral theory. 
Perfection of tetrahedral form would occur only if the sphere were homogeneous, isotropic 
and non-rotating, which it certainly is not, and the Pacific basin is witness of the fact. I 
have commented on the elongation of the supposed tetrahedron, and also on the sub- 
equatorial rupture of the north-south dihedral edges. The explanation of these features is 
unknown, but it may be remarked that the rupture is roughly symmetrically repeated in 
respect to the three edges. 

India and South America constitute the outstanding anomalies in position. Considera- 

tion of the relations between Peninsular India and the mountain borders north and east of 
it constitutes one of the most striking visual suggestions of drift toward an assigned position. 
South America should be antipodal to the northern extension of the Indian Ocean, an area 
extending east of the axis of the Urals, now occupied by folded sediments. It is unfortunate 
that the extraordinary reluctance of the Russians to permit access to published geological 
information concerning this region militates against complete appreciation of its signifi- 
cance. 
There are numerous other more or less clearly defined phenomena which fit into the 
framework of my suggestion, but which could not be referred to in a paper which had 
already reached excessive length; but I consider that there remain sufficient positive co- 
incidences at least apparently fitting into its structure to outweigh its faults and omissions. 
J was at great pains to indicate that it was advanced only as the basis for discussion, as the 
result of many years of consideration of the subject, and not as a full-fledged theory. All I 
ask is that it be accorded fair and reasonable consideration. I hope that anything in it 
which is objective will be accepted, and that all that is inadequate will be ruthlessly 
eliminated and exposed to the light, so that the same errors may not be made by coming 
generations of geologists. I am gratified that Dr. Longwell realizes that, with all its faults, 
my attempt is a sincere effort to draw attention to the possibility. of alternative explana- 
tions. 
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GEOLOGIA DE BOLIVIA, BY F. AHLFELD! 


VICTOR OPPENHEIM? 
Bogota, Colombia 


In his review of Ahlfeld’s “‘Geologia de Bolivia,” Norman D. Newell’ uses unaccurate 
statements which call for clarification and correction. 

The sources of Oppenheim’s Generalized Geologic Map of Bolivia, published by the 
Sociedad Geologica del Peru in 1944 and accompanying the memoir entitled “Mapa 
Geologico Generalizado de Bolivia y Memoria Explicativa’’* are amply stated in the In- 
troduction of the foregoing paper. Credits are given to whom ever due and references are 
made to a bibliography of 177 titles. The official sources and Ahlfeld’s collaboration are 
acknowledged for western Bolivia. The greatest part of eastern Bolivia was reconnoitered 
by Oppenheim personally and is represented on his map as based on his own field observa- 
tions and field notes made in 1942 and 1943. His personal observations and correlations 
account thus for more than 50 per cent of his geologic map. In no case was Ahlfeld’s or any 
other author’s manuscript perused in the preparation of the writer’s map. Ahlfeld’s state- 
ment to that effect is unaccurate. 

While in Bolivia as consulting geologist of a major oil company the writer agreed to 
cooperate with the Bolivian Government in the organization of a geologic map of that 
country (according to documents in the writer’s files). As part of the cooperation the De- 
partment of Mines received from the writer several regional geological maps covering a 
great part of then little known eastern Bolivia. In a letter to Oppenheim dated April 3, 
1943, No. 256477, the director general of Mines and Petroleum states 
... You have presented to the Direccion de Minas a collection of rock samples gathered by you in 
your different exploration studies carried out in the Northeastern and Southeastern regions of the 
Republic and also a complete set of maps, geological sections and stratigraphic columns of the regions 
visited by you. With the present letter I have pleasure to extend to you my thanks for the contribution 
with which this Direccion General has been honored. 


The aforementioned manuscript material was discussed and accessible to Ahlfeld, in 
his paper; however, he makes no mention of these sources of information, to which the 
writer does not object. 

Although very well informed on western Bolivia, Ahlfeld, according to his own repeated 
statements, was not at all familiar with the sedimentary geology of the eastern part of that 
country. Ahlfeld’s reports and bibliography deal almost exclusively with the mineralogy 
and geology of the Bolivian ore bodies, mainly tin and tungsten. 

At the time of the writer’s work in Bolivia, there were vague plans for the preparation of 
a geologic map of that country. No such map, however, existed and obviously could not 
have been shown to the writer even in a sketchy form. The writer’s map became possible 
only after his contributions and own studies in the eastern part of Bolivia. 

Newell also states that Ahlfeld sent his map to the Geological Society of America in 
1943. It is interesting, that in a letter dated February 2, 1945, Ahlfeld wrote to Oppenheim, 
after having expressed sincere thanks for having sent him the writer’s Geological Map: 


... I have sent a copy of my map of Bolivia to the G.S.A. [Geological Society of America] at the 
beginning of last year [1944]. This map together with the book ‘“‘Geologia de Bolivia” will be edited 


1 Discussion received, March 7, 1947. 
2 Consulting geologist. 
3 Bull. Amer. Assoc. Petrol. Geol., Vol. 30, No. 12 (December, 1946), pp. 2065-66. 


4 V. Oppenheim, “Mapa Geologico Generalizado de Bolivia y Memoria Explicativa,”’ Bol. Soc. 
Geol, Peru, Tomo XVII (April, 1944). 22 pp. 
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in Buenos Aires. . . . I will be grateful if you send me the address to which I could mail you these 
papers. 

Oppenheim left Bolivia early in 1943. A complete geological map of Bolivia was pre- 
pared by him, for his company, by the middle of 1943. A simplified form of his original map 
was later elaborated at the Geological Society of Peru and published in the Society’s Bul- 
letin in April of 1944. The writer does not seek any priority for his publication; he states 
the above facts as a matter of record. 

The purpose in publishing Oppenheim’s map is also stated in the Introduction of his 
paper (pp. 3-4) 

... Much is left to do in order to reach a completer geological knowledge of Bolivia. This work could 
not be achieved by one geologist. . . . However the writer’s experience has shown him that progress in 

geological knowledge must be based on concrete achievements, accessible to criticism for its improve- 

ment; without this condition progress would be impossible. These considerations Jed the writer to 

publish the present map, although it reflects very incomplete data . . . it remains, through more field 

te to improve our knowledge . . . and finally to elaborate a new and completer map in the near 
uture. 


After many years of geological work, the writer comes to the conclusion which is not 
new: rocks might change, but human nature will remain unaltered. 


EXCEPTIONAL OIL FIELDS IN ROCKY MOUNTAIN REGION 
OF UNITED STATES 


CORRECTION 


On page 819 of the May, 1947, Bulletin, Figure 17 is a map of the Oregon Basin anti- 
cline in Park (not Fremont) County, Wyoming. 


! 


BULLETIN OF THE AMERICAN ASSOCIATION OF PETROLEUM GEOLOGISTS 
VOL. 31, NO. 7 (JULY, 1947), PP. 1307-1313 


REVIEWS AND NEW PUBLICATIONS 


* Subjects indicated by asterisk are in the Association library, and are available, for loan, to 
members and associates. 


RECENT PUBLICATIONS 


ARKANSAS-LOUISIANA 


* “Unconformities to Play Major Rolein Arkansas-North Louisiana Discoveries. Part 
1, Truncation around the Monroe Uplift,’”’ by Michel T. Halbouty and George C. Hardin, 
Jr. Oil Weekly, Vol. 125, No. 5 (Houston, March 31, 1947), pp. 32-34; 4 figs. 

Secondary Recovery of Petroleum in Arkansas—A Survey, by George H. Fancher, with 
Donald K. MacKay. 250 pp., illus.; cloth. Arkansas Oil and Gas Commission, Trimble 
Building, E] Dorado, Arkansas. Price, $5.00. 

*Secondary Recovery of Petroleum in Arkansas,’”’ by George H. Fancher and Donald 
K. MacKay. Oil, Vol. 6, No. 11 (New Orleans, Louisiana, April, 1947), pp. 19-20. 

The 1945 Reference Report on Certain Oil and Gas Fields of North Louisiana, South 
Arkansas, Mississippi, and Alabama, Vol. II (1947). In addition to Delhi, contains West 
Delhi and 24 other fields; 10 stratigraphic sections; bibliography; papers by W. C. Spooner, 
Roy T. Hazzard, and B. W. Blanpied. Shreveport Geological Society, Box 750, Shreveport, 
Louisiana. Price, $10.00. 


BELGIAN CONGO 


*Les Poissons fossiles du Bas-Congo et des régions voisines, premiere partie” (Fossil 
Fish of Lower Congo and Adjacent Regions, Part I), by E. Dartevelle and E. Casier. Ann. 
Musée Congo Belge, A, Ser. III, Tome II, Fasc. I (Tervuren, Belgium, June, 1943). 199 pp., 
16 pls., 60 figs., circa. 10.75 X14.75 inches. Pages not bound, folio. Printed by Van Cam- 
penhout, 22 Rue des Paroissiens, Brussels. 


BRAZIL 


*“Bibliografia e Indice da Geologia do Brasil, 1941-1942” (Bibliography and Index of 
the Geology of Brazil, 1941-1942), by Dolores Iglesias and Maria de Lourdes Meneghezzi. 
Brasil Div. Geol. Min. Bol. 117 (Rio de Janeiro, 1944). 35 pp. In Portuguese. 


CALIFORNIA 


“Geology of Reef Ridge, Coalinga District, California,” by Ralph Stewart. U. S. 
Geol. Survey Prof. Paper 205-C, 1946 (1947), pp. 81-115; Pls. 9-17, Figs. 10-13. For sale by 
Superintendent of Documents, Government Printing Office, Washington 25, D. C. Price, 
$o.75. 
*Schist Surface of the Western Los Angeles Basin,” by J. Lloyd White. California Oil 
Fields, Vol. 32, No. 1 (California Div. of Oil and Gas, San Francisco, January- June, 1946), 
pp. 3-11; subsurface map; 2 tables. 

*“Consolidated Index of Publications of the Division of Mines and Predecessor State 
Mining Bureau, 1880-1943, Inclusive,” Californa Div. Mines Bull. 131 (Ferry Building, 
San Francisco, September, 1945; published in 1947). 872 pp. Price, $8.75. 

*“Geologic Section from the Sierra Nevada to Death Valley, California,” by Richard 
H. Hopper. Bull. Geol. Soc. America, Vol. 58, No. 5 (New York, May, 1947), PP. 393-432; 


6 pls., 3 figs. 
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CARIBBEAN BASIN 


*Problems of Earth Deformation Illustrated by the Caribbean Sea Basin,” by Walter 
H. Bucher. Trans. New York Acad. Sci., Ser. II, Vol. 9, No. 3 (New York, January, 1947), 
pp. 98-116; 1 fig. 

CHINA 

*Silurian Stratigraphy of the Malung and Kutsing Districts, Eastern Yunnan,” by 
Y. C. Sun and H. C. Wang. Bull. Geol. Soc. China, Vol. 26, Nos. 1-4 (Nanking, December, 
1946), pp. 83-99; 2 figs. 

*“Report on Geological Investigation of Some Oil Fields in Sinkiang,” by T. K. 
Huang, C. C. Young, Y. C. Cheng, T. C. Chow, M. N. Bien, and W. P. Weng. Mem. Geol. 
Survey China, Ser. A, No. 21 (Nanking, February, 1947). 188 pp.. 14 pls. 

*“Bibliography of Chinese Geology,” by T. C. Tseng. Geol. Survey China (Nanking, 
December, 1946). 114 pp. Bibliography of geology and allied sciences of Tibet and regions 
west of Chinshachiang. 

COLOMBIA 


“Seismic and Tectonic Map of Colombia,” by J. E. Ramirez and L. Forero Duran. 
Boletin Gréfico, No. 7 (1947). Published by the Banco de la Republica, Bogota, Colombia. 
Bulletin of the Colombian Petroleum Institute, Vol. 1, No. 1 (Bogota, Colombia, Feb- 
ruary, 1947). 64 pp., illus. A new Colombian publication for “a better knowledge of the oil 
industry.” Office of publication, Calle 13, No. 8-23, Bogot4. Subscription price, Col. $8.00 
per year. 
EUROPE 

*“Three Stages in the Evolution of Alpine Geology: De Saussure-Studer-Heim,” by 
Emmanuel de Margerie. Quar. Jour. Geol. Soc. London, Vol. 102, Pt. 3, No. 407 (London, 
December, 1946), pp. xcvii-cxiv; bibliography. 

*“Oesterreichs élproduzierende und 6lhéffige Gebiete” (Prospective and Oil-Producing 
Regions in Austria), by Rudolf Grill. Bohrtechniker-Zeitung, No. 1 (Erdél-Dienst, Wien 72, 
Postfach 87, Austria, January, 1947), pp. 3- 6. In German. 

*“Resultats des recherches geologiques du pétrole aux environs de Czerchawa et de 
Sprynia” (Results of Geological Exploration for Petroleum in the Vicinity of Czerchawa 
and Sprynia (Poland)), by H. Teisseyre. Rocenik Polskiego Towarzystwa Geologicznego, Vol. 
15 (Geological Society of Poland, 6 St. Anna Street, Krakow, Poland, 1939), pp. 35-41; 
2 pls. In French (also in Polish, pp. 28-35). 


GENERAL 


*“The Electric Pilot in Permeability Surveys,” by L. B. Swan. Oil Weekly, Vol. 125, 
No. 1 (Houston, March 3, 1947), pp. 42-46, 10 figs. 

*“Petroleum on the Continental Shelves,” by Wallace E. Pratt. Econ. Geology, Vol. 42, 
No. 1 (Urbana, Illinois, January- February, 1947), pp. 83- 85. 

*“Tmportance of Clay Studies in Water Flood Operations,” by Richard V. Hughes.- 
Producers Monthly, Vol. 11, No. 4 (Bradford, Pennsylvania, February, 1947), pp. 13-16. 

*“TDeep-Well Camera,” by O. E. Barstow and C. M. Bryant. Oil and Gas Jour., Vol. 
45, No. 45 (Tulsa, Oklahoma, March 15, 1947), Pp. 74-75, 92-93; 3 figs. 

*Ibid., Oil Weekly, Vol. 125, No. 10 (Houston, May 5, 1947), pp. 33-39; 12 figs. 

*An Evaluation of Present-Day Geophysical Exploration for Oil. Part 1,” by Sylvain 
J. Pirson. Oil Weekly, Vol. 125, No. 2 (Houston, March 10, 1947), pp. 45-53; 2 figs., 3 
tables. 

“Fossil Vertebrates from Western North America and Mexico,” by E. L. Furlong, 
Lore Rose David, E. Raymond Hall, Robert E. Wallace, and Hildegarde Howard. 
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Carnegie Inst. Washington Pub. 551 (Washington, D. C., 1946). Contributions to paleon- 
tology series. 195 pp., 31 pls., 33 text figs. 6.875 X10 inches. 8 articles issued between 1943 
and 1946. Price: paper cover, $2.50; cloth, $3.00. 

*“Paleontologist or Geologist,” by J. Brookes Knight. Bull. Geol. Soc. America. Vol. 
58, No. 4 (New York, April, 1947), pp. 281-86. 

*“Functions of Vertebrate Paleontology in the Earth Sciences,’ by Edwin H. Colbert. 
Ibid., pp. 287-92. 

*“Preliminary Maps of the Oil and Gas Investigations Series.” U. S. Geol. Survey 
(March 15, 1947). Brief descriptions of 69 preliminary maps, 28 preliminary charts, and 17 
miscellaneous maps and reprints relating to the general oil and gas program of the Geologi- 
cal Survey. Obtainable on request from Director, Geological Survey, Washnigton 25, 


*Early Geophysical Papers, by many authors. 848 pp., illus. 52 papers by men outstand- 
ing in the development of geophysical exploration methods. Society of Exploration Geo- 
physicists, Box 1614, Tulsa r, Oklahoma. Price, $6.00. 

“QOil-Bearing Basins, Their Facies and Conditions of Accumulation of Source Material 
for the Formation of Oil,” by B. V. Weber. Comptes Rendus (Doklady) Acad. Sci. URSS, 
Vol. 53 (Moscow, 1946), p. 447. In English. 

*“Petroleum Geology in United States Geological Survey.” by Hugh D. Miser. Trans. 
New York Acad. Sci., Ser. I1, Vol. 9, No. 3 (New York, January, 1947), pp. 65-69. 

Life through the Ages, by R. Will Burnett. 48 pp., illus. Visual introduction to the story 
of change in living things. Stanford University Press, Stanford University, California 
(1947). Price, $1.00. 

*“The Teaching of Geology in Schools,” by Vernon Wilson and others. Proc. Geologists’ 
Assoc., Vol. 58, Pt. 1 (London, April, 1947), pp. 1-44. 

Leven en Materie, by J. H. F. Umbgrove. 150 pp., 65 figs. 6.625 X9.375 inches, cloth- 
bound board covers. Martinus Nijhoff, The Hague, Netherlands (1946). Price, Gld. 8,60. 
In Dutch. 

The Pulse of the Earth, by J.H.F. Umbgrove. 358 pp., 8 pls., 204 figs., 12 tables. 
6.75 X9.5 inches, cloth. Ibid. (1947). Price, Gld. 20,-. Jn English. 

Einfiihrung in den Bau Amerikas, by Hans Stille. 717 pp., 128 figs. 7 X 10.75 inches, 
paper cover. Gebriider Borntraeger, Berlin, Germany (1940). 

*“Coarse Sediments on the Edge of the Continental Shelf,” by Rhodes W. Fairbridge. 
Amer. Jour. Sci., Vol. 245, No. 3 (New Haven, Connecticut, March, 1947), pp. 146-53; 1 
fig. 

Glacial Geology and the Pleistocene Epoch, by Richard Foster Flint. 589 pp., 6 pls., 88 
figs. 5.875 XQ inches, cloth. John Wiley and Sons, Inc., New York (1947). Price, $6.00. 

*Cumulative Catalog of Library of Congress Printed Cards. 71 pp. 9 X11.5 inches, paper 
cover. New monthly bulletin, the current continuation of A Catalog of Books Represented 
by Library of Congress Printed Cards, through July 31, 1942. Published by the Library of 
Congress, Washington, D. C. 1st issue, January, 1947. Annual subscription, $100.00. 

*“Results of Water Flooding Oil Sands in North and North-Central Texas,” by D. B. 
Taliaferro and R. K. Guthrie. Producers Monthly, Vol. 11, No. 5 (Bradford, Pennsylvania, 
March, 1947), pp. 15-26; 19 figs. 

“Classification of Oil and Gas Accumulations According to the Proportions of Fluids 
in Natural Reservoirs,” by I. O. Brod. Comptes Rendus (Doklady) Acad. Sci. URSS, Vol. 53 
(Moscow, 1946), p. 55. In English. 

Fundamentals of Earth Science, by Henry Dewey Thompson. 461 pp., illus. 5.875 X8.75 
inches, cloth. D. Appleton-Century Company, New York (1947). Price, $3.75. 

*“Geologic Models from Granular Materials,’ by L. L. Nettleton. Oil, Vol. 6, No. 11 
(New Orleans, March, 1947), p. 14, illus. 
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*“Refraction of Ocean Waves: A Process Linking Underwater Topography to Beach 
Erosion,” by Walter H. Munk and Melvin A. Traylor. Jour. Geol., Vol. 55, No. 1 (Chicago, 
January, 1947), pp. 1~26; 8 pls., 17 figs. 

Introduction 4 la lecture des cartes géologiques (Introduction to the Study of Geological 
Maps), by Antoine Bonte. 239 pp., 8 pls., 103 figs. Masson et Cie. (Paris, France, 1945). In 
French. *Reviewed by George J. Bellemin in Jour. Geol., ibid., pp. 57-58. 

*“\ Suggested Geological Curriculum,” by W. H. Bradley. Interim Proc. Geol. Soc. 
America, Pt. 2 (New York, April, 1947), pp. 8-13. 

*Farly Geophysical Papers of the Society of Exploration Geophysicists. 844 pp., illus. 
Papers presented at meetings of the Society of Petroleum Geophysicists, 1929-1935, 
reprinted from Physics, Bull. Amer. Assoc. Petrol. Geol., and Jour. Soc. Petrol. Geo- 
physicists. Cloth bound, 6} X93 inches. Society of Exploration Geophysicists, Box 1614, 
Tulsa, Oklahoma (1947). Price, $6.00 (to S.E.G. members and subscribers, $5.00). 

*“Geophysical Principles for Determining Subsurface Conditions,” by R. Maurice 
Tripp. Oil Weekly, Vol. 126, No. 2 (Houston, June 9, 1947), pp. 34-36; 3 figs., 1 table. 

Petroleum Industry Glossary. Printed in Spanish-English and English-Spanish. 5 <7 
inches, imitation leather binding. Petroleum Publishing Company, Box 1260, Tulsa, 
Oklahoma. Price, $5.00. 

*“Geophysical Prospecting and Petroleum Discovery,” by J. McGarva Bruckshaw. 
Petroleum, Vol. 10, No. 5 (London, England, May, 1947), pp. 98-101; 5 figs. 

Igneous Minerals and Rocks, by Ernest E. Wahlstrom. 367 pp., 135 figs. Cloth. 
5.5 X8.5 inches. John Wiley and Sons, Inc., 601 West 26th Street, New York, Price, 
$5.50. 
*“Taboratory Study of Equilibrium Beach Profiles,” anonymous. Bull. Beach Erosion 
Board, Vol. 1, No. 1 (Washington, D. C., April 1, 1947), pp. 4-11; 6 pls., 2 tables, 12 
photos. Published by Office, Chief of Engineers, U. S. Army. 


GERMANY 


*“German Field, Reitbrook, Almost Ruined During War,” by J. Brian Eby. Oil 
Weekly, Vol. 125, No. 6 (Houston, April 7, 1947), pp. 15-24, International Section; 5 figs., 
2 photos. 

GREECE 

*“Progress of the Geological Exploration of Greece,” by Carl Renz. Amer. Jour. Sci., 

Vol. 245, No. 3 (New Haven, Connecticut, March, 1947), pp. 175-80; 1 map. 


GULF COAST 
*“Trends in Petroleum Geology of the Gulf Coast,” by Michel T. Halbouty and 
George C. Hardin, Jr. Oil and Gas Jour., Vol. 46, No. 4 (Tulsa, May 31, 1947), pp. 136-41, 
194-99; 3 figs. 
*“Gulf Coast Figures Prominently in A.A.P.G. Research Program,” by Shepard W. 
Lowman. /bid., pp. 171-76; illus. 
ILLINOIS 


*“Operations of the Illinois State Geological Survey,” by M. M. Leighton. Illinois 
Geol. Survey Cir. 126 (Urbana, 1946). 49 pp., 29 figs., frontispiece. 


INDIA 


*The Search for Oil in Northwest India,” by E. N. Tiratsoo. Oil Weekly, Vol. 125, 
No. 10 (Houston, May 5, 1947), pp. 10-16, International Section; illus. 
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JAPAN 
*“QOjil in Japan,” by E. N. Tiratsoo. Petroleum, Vol. 10, No. 4 (London, England, April, 
1947), pp. 80-8 r, 1 fig. 
LOUISIANA 
*“Subsurface Study of the Delhi Area, Franklin and Richland Parishes, Louisiana,” 
by P. A. Bloomer, Jr. Louisiana Geol. Survey Pamphlet 4 (Baton Rouge, November 1, 
1946). 47 pp., 2 pls., 21 figs., 5 tables. 
MEXICO 


El Volcan de Paricutin, by Ezequiel Ordoiiez. 181 pp., 56 pls. 9.25 X12.25 inches, board 
covers. Printed by Juan M. Aguirre A., Augusto Rodin 163, Mixcoac, México, D.F., 
México. 

MICHIGAN 

Lithology and Thickness of the Traverse Group in the Michigan Basin,” by George V- 
Cohee. U. S. Geol. Survey Prelim. Chart 28, Oil and Gas Investig. Ser. (May, 1947). Single 
sheet, 44 X64 inches. Includes maps showing structure, thickness, and lithology of Traverse 
group, cross sections, and map showing oil and gas fields producing from the Traverse 
group. Text includes discussion of possibilities for future Traverse production. Address 
mail orders to Director, Geological Survey, Washington 25, D. C. Price, $0.60. 


MISSISSIPPI 
“Geologic Map of the Jackson Area, Mississippi,’”’ by Watson H. Monroe, U. S. Geol. 
Survey Prelim. Map 65, Oil and Gas Investig. Ser. (March, 1947). Single sheet, 34 X54 
inches. Columnar section; brief text. Scale, 1 inch equals 1 mile. For sale by Director, 
Geological Survey, Washington 25, D. C. Price, $0.50. 


MONTANA 

“Kevin-Sunburst Oil Field” (Maps Nos. 2 and 3 of new series), by C. E. Erdmann, J- 
T. Gist, J. W. Nordquist, and G. W. Beer. U. S. Geol. Survey (April, 1947). Map No. 2 
covers T. 35 N., R. 3 W., and Map No. 3 covers T. 36 N., R. 3 W., Toole County, Montana. 
Each map issued in set of 2 sheets, A and B; scale: 1 inch equals 1 mile. Sheets A show cul- 
ture, development, well status, pool names, surface geology, geologic structure by 20-foot 
contours drawn on top of Colorado shale, and a composite section of exposed rocks. Sheets 
B cover the same area and show 20-foot contours on the eroded surface of the Madison 
limestone, wells that reached the Madison, a standard well log, and a note on production. 
Address mail orders to Director, Geological Survey, Washington 25, D. C. Price, sheets A 
and B, $0.10 each. 

NEW MEXICO 

*“Oil and Gas Production Data, Eddy County, New Mexico,” compiled by N. Ray- 
mond Lamb and W. B. Macey. New Mexico State Bur. Mines and Min. Resources Cir. 14 
(Socorro, 1947). 146 pp. 

OHIO 

*“Geologic Map of Ohio,” by J. A. Bownocker. 33 X41 inches. Scale, 1 inch equals 8 
miles. In colors. West-east cross section included. Reprinted 1947 with revision of glacial 
boundary by G. W. White. Geol. Survey of Ohio, Columbus. 


OKLAHOMA 
*“Tevelopment Report: Southwest Antioch-New Oklahoma Pool,” by R. M. Swesnik. 
Oil and Gas Jour., Vol. 45, No. 5 (Tulsa, April 19, 1947), pp. 82-83, 121-23, 5 figs. 
*“Shoreline Trend May Develop Oklahoma Golden Horseshoe,” by Anthony Gibbon. 
Oil Weekly, Vol. 125, No. 12 (Houston, May 19, 1947), pp. 39-42; illus. 
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*“Geology of the Western Part of the Ouachita Mountains of Oklahoma,” by T. A. 
Hendricks, L. S. Gardner, M. M. Knechtel, and Paul Averitt. U. S. Geol. Survey Prelim. 
Map 66, Oil and Gas Investig. Ser. (May, 1947). 3 sheets, 44 X56 inches. Areal geology 
shown on sheets Nos. 1 and 2, scale 13 inches equal 1 mile. Three geologic cross sections are 
printed on the 3d sheet. Address mail orders to Director, Geological Survey, Washington 
25, D. C. Price, $1.00 per set. : 

OKLAHOMA 


*“Anadarko Basin Discoveries,” anonymous. The Link, Vol. 12, No. 5 (Carter Oil 
Company, Tulsa, Oklahoma, May, 1947), pp. 1-5; illus. 


PACIFIC COAST 


*“How Fossil Fish Remains Have Been Used in Pacific Coast Stratigraphy,”’ by Lore 
Rose David. Petrol. Engineer, Vol. 18, No. 8 (Dallas, May, 1947), pp. 104-13; 5 figs. 


ROCKY MOUNTAINS 


Résumé of Rocky Mountain Oil and Gas Operations, 1946. Petroleum Information, 
Denver. 175 pp. Price, $10.00. 


ROUMANIA 


*“Tionnées sur le Flysch du bassin supérieur du Tazlaul Dulce (départ. de Neamtz)”’ 
(Data on the Flysch of the Upper Basin of the Tazlaul Dulce (Neamtz Province), by I. 
Bancila. Comptes Rendus des Séances, Institut Géol. de Roumanie, Vol. 27 (1938-1939) (2, 
Boulevard Regele Mihai, Bucarest (II), Roumania, 1944), pp. 51-64. In French. 

*“T évolution des idées sur la tectonique des Carpates Orientales” (Evolution of Ideas 
on the Tectonics of the Eastern Carpathians), by I. Bancila. [bid., pp. 14-45. 

*“Nouvelles données sur l’anticlinal de Cisliu-Punga (départ. de Buzdiu)’”’ (New Data 
on the Cislau-Punga Anticline, Buziu Province), by Mircea Pauca. Ibid., pp. 45-51. 

*“Region de Piatra Craiului-Bucegi. Etude Géologique” (Geological Study of the Re- 
gion of Piatra Craiului and Bucegi), by Nicolae N. Oncescu. Anuarul Institutului Geologic 
Roméniei, Vol. 22 (Bucharest, Roumania, 1943), pp. 1-124; 3 pls., g figs. 


SCOTLAND 


*“Scotland’s Oil Shale Industry,” by J. Brian Eby. Oil Weekly, Vol. 125, No. 1 
(Houston, March 3, 1947), pp. 4-14, International Section; illus. 


SOUTH AMERICA 


*“Structural Evolution of the South American Andes,” by Victor Oppenheim. A mer. 
Jour. Sci., Vol. 245, No. 3 (New Haven, Connecticut, March, 1947), pp. 158-74; 1 map. 


TEXAS-NEW MEXICO 


*“Western Delaware Basin Oil Possibilities,” by Robert R. Wheeler. Oil Weekly, Vol. 
125, No. 4 (Houston, March 24, 1947), pp. 22-23; outline map. 


U.S.S.R. 


“Territorial Units in Petroleum Geology,” by I. O. Brod. Comptes Rendus (Doklady) 
Acad. Sci. URSS, Vol. 52, No. 5 (Moscow, 1946), pp. 433-36. In English. 

“On the Stratigraphy and Conditions of Accumulation of the Coal Beds of the 
Cheliabinsk Basin,” by N. A. Ivanchin-Pissareva. Ibid., No. 6, pp. 525-28. 

“On the Study of Fusulinids and the Stratigraphy of the Carboniferous Deposits of the 
Region of the Don-Medveditza Dislocations,” by E. N. Semikhatova. Ibid., No. 6, pp. 


529-32. 
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“On the Palaeogene of Bedkhyz (Turkmenia),” by O. S. Vialov. Ibid., No. 7, pp. 609- 
12. 

“Changes in the Mode of Sedimentation in the Caspian Sea within Histroical Time,”’ 
by S. W. Brujewicz. Ibid., No. 8, pp. 695-98. 

“New Data on the Age of the Lower Maikop Beds of the Crimea and Caucasus,” by 
Z. L. Maimin and I. A. Korobkov. Ibid., Vol. 53, p. 59. In English. 


UTAH 


“Geology of the Green River Desert-Cataract Canyon Region, Emery, Wayne, and 
Garfield Counties, Utah,” by A. A. Baker. U. S. Geol. Survey Bull. 951, 1946 (1947). 122 
pp., 20 pls. (incl. 2 maps in separate case), 3 figs. Address mail orders to Director, Geologi- 
cal Survey, Washington 25, D. C. Price, $2.00. 


WYOMING 


“The Tertiary Stratigraphy of the Jackson Hole Area, Northwestern Wyoming,” by 
J. D. Love. U. S. Geol. Survey Chart 27, Oil and Gas Investig. Ser. (April, 1947). 36 X64 
inches. 14 columnar sections, with text. Address mail orders to Director, Geological 
Survey, Washington 25, D. C. Price, $0.60. 


DIVISION OF PALEONTOLOGY AND MINERALOGY 


*Journal of Paleontology (Tulsa, Oklahoma), Vol. 21, No. 2 (March, 1947). 

“Upper Kinkaid (Mississippian) Microfauna from Johnson County, Illinois,” by 
Chalmer L. Cooper. 

‘““A New Upper Devonian Conodont Fauna from Iowa,”’ by Walter Youngquist. 

“The Discovery and Significance of a Cephalopod Fauna in the Mississippian Cabal- 
lero Formation of New Mexico,” by A. K. Miller and Walter Youngquist. 

“Cretaceous Fossil Horizons in the Mackenzie River Valley,” by P. S. Warren. 

“Additional Graptolites and Hydrozoan-like Fossils from Big Canyon Oklahoma,” 
by Charles E. Decker. 

“Conodont Zones in Upper Devonian and Lower Mississippian Formations of Ohio,” 
by Wilbert H. Hass. 

“Lower Pennsylvanian Strata of the Llano Region—Summary of Classification,” by 
F. B. Plummer. 

“Stratigraphy and Fusulinids of Pre-Desmoinesian Pennsylvanian Rocks, Llano Up- 
lift, Texas,” by M. L. Thompson. 

“Nomenclatural Synopsis of Supraspecific Groups of the Family Ostreidae (Pelecypoda 
Mollusca),” by H. B. Stenzel. 

* Journal of Paleontology (Tulsa, Oklahoma), Vol. 21, No. 3 (May, 1947). 

“The Pseudosuchian Reptile Typothorax meadei, New Species,” by H. J. Sawin. 

“Endolobus from the Greenbrier Limestone of Pennsylvania,” by A. K. Miller and 
Leigh R. Collins. 

“Conodonts from the Sheffield Formation of North-Central Iowa,” by Walter Young- 
quist and Richard F. Peterson. 

“Eocene Foraminifera from Haha-jima (Hillsborough Island),” by Shoshiro Hanzawa. 

“Reinstatement of the Genus Heterosteginoides, and the Classification of the Miogyp- 
sinidae,”’ by Shoshiro Hanzawa. 

“Bellerophont Muscle Scars,” by J. Brookes Knight. 

“Pliocene Fresh-Water Mollusks from Northern Utah,” by Teng-Chien Yen. 

“Bibliography of Foraminifera (Supplements for 1940 to 1945),” by Hans E. Thal- 
mann. 
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ASSOCIATION COMMITTEES 
EXECUTIVE COMMITTEE 


CarrOLt E. Dossin, chairman, United States Geological Survey, Denver, Colorado 
J. V. Howe tt, secretary, Consultant, Tulsa, Oklahoma 

Eart B. Nosxe, Union Oil Company of California, Los Angeles, California 
GrorGE S. BucHANAN, Sohio Petroleum Corporation, Houston, Texas 

CLARENCE L. Moopy, The Ohio Oil Company, Shreveport, Louisiana 


REPRESENTATIVE ON DIVISION OF GEOLOGY AND GEOGRAPHY 
NATIONAL RESEARCH COUNCIL: Puiuir B. Kine (1949) 


REPRESENTATIVES ON COUNCIL OF AMERICAN ASSOCIATION 
FOR THE ADVANCEMENT OF SCIENCE 


W. Taytor JR. Rosert J. Riccs 
COMMISSIONERS ON AMERICAN COMMISSION ON 
STRATIGRAPHIC NOMENCLATURE 
M. G. CHENEY (1947), chairman Joun G. Bartram (1948) | WAyNE V. JONES (1949) 


STANDING COMMITTEES 
FINANCE COMMITTEE 
Joseru E. Pour (1948), chairman Joun S. Ivy (1949) E. O. MARKHAM (1950) 


TRUSTEES OF REVOLVING PUBLICATION FUND 
W. B. WItson (1948), chairman B. Heroy (1949) W. Hoots (1950) 


TRUSTEES OF RESEARCH FUND 
T. S. Harrison (1948), chairman Ropert W. Crark (1949) Roy R. Morse (1950) 


BUSINESS COMMITTEE 


Turopore A. Link (1948), chairman, Imperial Oil, Ltd., Toronto, Ontario, Canada 
BEN H. Parker (1948), co-chairman, Colorado School of Mines, Golden, Colorado 


C. I. ALEXANDER (1949) StanLEy G. ELDER (1948) F. H. McGuican (1949) 
WarrEN D. ANDERSON (1948) FENTON H. FInn (1949) E. FLoyp (1949) 
FRANK W. BELL (1948) W. Dow Hamm (1948) CLARENCE L. Moopy (1948) 
Gorvon R. BELL (1949) Hotuis D. HEDBERG (1949) Eart B. NosteE (1948) 
G. BELL (1948) FREDERICK G. (1949) EuisHa A. Pascua. (1948) 
ALBERT F, BARRETT (1949) J. W. Hoover (1949) J. M. PatTERSON (1949) 

B. W. BLANPIED (1949) J. V. HowEtt (1948) J. J. RussExt, Jr. (1948) 
REvEL L. Boss (1949) W. S. W. Kew (1949) Joun T. SANFORD (1949) 
Tra A. BRINKERHOFF (1948) Rosert L. Kipp (1948) LowE tt W. SAUNDERS (1949) 
GeorGE S. BucHANAN (1948) G. M. KNEBEL (1948) Harry C. Spoor, Jr. (1949) 
H. E. CurisTENSEN (1948) Rosert N. Kor (1948) Henryk B. STENZEL (1948) 
Cartes K. Ciark (1949) H. G. KuG er (1948) D. E. Tayior (1948) 
Frank R. Crark (1948) Cuar es L, LAKE (1949) Henry N. TOLER (1949) 
GeorcE H. Coates (1949) CraupeE E. Leacu (1948) C. W. Tomtrnson (1948) 

C. S. Corsett (1946) Lynn K. LEE (1949) James A. WATERS (1948) 
Carte H. Dane (1948) SHIRLEY L. Mason (1948) Sam H. Woops (1949) 
CarROLt E. Dossrn (1949) O. G. McCrarn (1949) 
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COMMITTEE FOR PUBLICATION 
Lynn K. LEE (1948), chairman, Pure Oil Company, Fort Worth, Texas 


1948 1949 1950 
Joun E. GALLEY Joun G. Gray LAURENCE C. Hay 
W. S. HoFFMEISTER GEORGE C. Ho tus D. HEDBERG 
J. M. Kirsy BENJAMIN F, HAKE G. L. MEHOLIN 
E. Mason L. E. FLoyp MILLER 
Homer A. NoBLE GerorcE S. HuME VincENT C. PERINT, JR. 
Tuomas F. Strpp James A. Moore Paut H. Pricr 
C. W. Witson, Jr. Rosert B. NEWCOMBE E. E. REHN 

E. A. WENDLANDT J. K. RoGERs 


K. K. SPOONER 
RESEARCH COMMITTEE 
SHEPARD W. LowMaN (1948), chairman, Shell Oil Company, Houston, Texas 


1948 1949 1950 
Ronap K. DEForp C. Case ROLanD F. BEERS 
Marcus A. HANNA ParkE A. DicKEy G. C. GESTER 
MARSHALL Kay K. C. HEALD Joun T. LoNSDALE 
Purr B. Kine Wittram C. C. V. MILLIKAN 
A. I. LEVORSEN W. C. KRUMBEIN L. L. NETTLETON 
W. W. RuBEy Rosert J. Riccs Joun T. Rouse 
W. T. THoM, Jr. F. M. Van Tuy W. H. TWENHOFEL 
L. G. WEEKS W. A. WALDSCHMIDT CLaupE E. ZOBELL 


GEOLOGIC NAMES AND CORRELATIONS COMMITTEE 
Henry J. Morcav, JR. (1948), chairman, Atlantic Oil and Refining Company, Dallas, Texas 


1948 1949 195° 
Joun G. BARTRAM A. E. BRAINERD Horace G. Ricwarps Stuart K. CLark 
Rosert H. Ecxis GayLeE Scort Roy T. Hazzarp 
E. MILLER Ross L. HEATON G. D. THomas W. J. HitsEwEcK 
Hucu D. Miser J. H. C. Martens H. D. THomas P. H. JENNINGS 
Raymonp C. MoorE Tom McGLoraiin RoBERT O. VERNON Wayne V. JoNnEs 
GROVER E. MurRAY L. E. WoRKMAN W. ARMSTRONG PRICE 


H. A. TourtELotT 


SUB-COMMITTEE ON CENOZOIC 
GROVER E. Murray (1949), chairman, Magnolia Petroleum Company, Jackson, Mississippi 
Rosert O. VERNON (Atlantic Coast) Tom McG torutin (Eastern Gulf Coast) 
Rottn Ecxis (Pacific Coast) Puiiip H. JENNINGS (Western Gulf Coast) 
Harry A. TourteEtot (Rocky Mts. and Great Plains) 
SUB-COMMITTEE ON MESOZOIC 
G. D. Tuomas (1949), chairman, Shell Oil Company, Inc., Shreveport, Louisiana 

R. T. Hazzarp (Gulf Coast) Horace G. Ricwarps (Atlantic Coast) 

Ross L. HEATON (Rocky Mts. and Great Plains) 
SUB-COMMITTEE ON PALEOZOIC 

Rosert H. Dorr (1948), chairman, Oklahoma Geological Survey, Norman, Oklahoma 


H. D. Taomas (Rocky Mts. and Great Plains) W. 7, HitsEwEck (Southwestern U. S. A.) 
Stuart K. Ciarx (Mid-Continent) J. H. C. Martens (Appalachian Region) 
L. E. Workman (Eastern Interior) 


ADVISORY AND SPECIAL PROJECTS SUB-COMMITTEE 
Joun G. BartRAM (1948), chairman, Stanolind Oi] and Gas Company, Tulsa, Oklahoma 


ARTHUR E. BRAINERD E. FLoyp MILLER RaymonD C. Moore 
Wayne V. JoNEs D. Miser W. ARMSTRONG PRICE 
GAYLE Scott 
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COMMITTEE ON APPLICATIONS OF GEOLOGY 
KENNETH K. LANDEs (1948), chairman, University of Michigan, Ann Arbor, Michigan 


1948 1949 1950 
Rosert I. DickEy E. M. BaysINcER Don L. Carroiy 
Cwaries R. FETTKE CuHarLEs J. DEEGAN STANLEY G. ELDER 
P. JENKINS L. B. HERRING LEo R. FortIER 
Nicuoras A, RosE R. A. STEHR Tuomas A, HENDRICKS 
W. T. NIGHTINGALE 
W. T. SCHNEIDER 


MEDAL AWARD COMMITTEE 


Carrott E. Dossin, chairman, U. S. Geological Survey, Denver, Colorado 
JAMES A. WATERS, ex officio, president of S.E.P.M. 
Ceciz H. GREEN, ex officio, president of S.E.G. 


1948 1949 1950 
A. RopcEr DENISON RussELt S. MCFARLAND ALFRED H. BELL 
Vircit B. RayMonpD F, BAKER Frank R. CLARK 
J. Epmunp Eaton C. R. A. E. BRAINERD 


COMMITTEE ON STATISTICS OF EXPLORATORY DRILLING 


F. H. LAawEE (1950), chairman, Sun Oil Company, Box 2880, Dallas, Texas 
Paul WEAVER (1948), vice-chairman, Gulf Oil Corporation, Box 2100, Houston, Texas 


1948 1949 1950 
KENNETH COTTINGHAM STANLEY G. ELDER A. H. BELL 
Rapa E. Esarry CoLeman D. HuNnTER S. A. BERTHIAUME 
Fenton H. Finn Rosert C. LAFFERTY, JR. G. P. CRAWFORD 
Joun W. INKsTER D. J. MUNROE R. J. CULLEN 
B. Moopy T. F. Petry W. S. McCasEe 
Crarzes H. Row GLENN C. SLEIGHT E. L. REED, JR 

Pavut H. UmpBacn R. M. Witson 
C. W. WiLson 


DISTINGUISHED LECTURE COMMITTEE 
Frep H. Moore (1949), chairman, Magnolia Petroleum Company, Roswell, New Mexico 


1948 1949 1950 
Everett F. STRATTON Huca R. BRANKSTONE W. J. HitsEwEck 
M. WAGNER Joun L. FERGUSON H. T. Morrey 


SPECIAL COMMITTEES 
COMMITTEE ON BOY SCOUTS LITERATURE 
Frank Goun, chairman, Box 208, Duncan, Oklahoma 


A. C. 3 Don L. CARROLL G. W. PrrtLe 

Max W. B C. L. Coorer W. T. THomM, Jr. 

Hat P. Carey CRONEIS RussEtt M. TRIPP 
E. C. 


EDUCATION COMMITTEE 
Roy R. Morse, chairman, Shell Oil Company, Box 2099, Houston, Texas 


Stuart K. Crarx Ronatp K. DeForp THERON WASSON 
Morcan J. Davis Henry V. HowE 
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MEMBERSHIP APPLICATIONS APPROVED FOR PUBLICATION 


The executive committee has approved for publication the names of the following 
candidates for membership in the Association. This does not constitute an election but 
places the names before the membership at large. If any member has information bearing 
on the qualifications of these nominees, he should send it promptly to the Executive Com- 
mittee, Box 979, Tulsa 1, Oklahoma. (Names of sponsors are placed beneath the name of 
each nominee.) 


FOR ACTIVE MEMBERSHIP 


Jesus Francisco de Albear, Havana, Cuba 

Pedro J. Bermudez, Glen M. Ruby, R. H. Palmer 
Richard Henry Benish, Houston, Tex. 

J. C. Pollard, Robert H. Ray, W. Harlan Taylor 
Stewart Bevan, College Station, Tex. 

S. A. Lynch, Frederick A. Burt, Samuel S. Goldich 
Marland Pratt Billings, Cambridge, Mass. 

Kirtley F. Mather, Robert R. Shrock, W. L. Whitehead 
Fritz Brotzen, Stockholm, Sweden 

C. W. Flagler, H. Odum, Albert Gregersen 
Stanley Holman Cathcart, Harrisburg, Pa. 

R. E. Sherrill, A. I. Ingham, M. G. Gulley 
Arthur A. Cohn, Jr., Los Angeles, Calif. 

E. R. Baddley, J. M. Hamill, Boris Laiming 
Clifton A. Cowan, Shreveport, La. 

Lon D. Cartwright, Jr., Hart Brown, Roland F. Hodder 
Robert Carlton Curd, Wichita Falls, Tex. 

Earl M. Stilley, W. Lloyd Haseltine, J. R. Seitz 
William Stokes Eggleston, San Marino, Calif. 

E. R. Atwill, L. N. Waterfall, Harvey W. Lee 
Paul Herbert Farmer, Evansville, Ind. 

Stanley G. Elder, G. E. Ebmeyer, P. L. Keller 
James A. Hayes, Jr., Mt. Vernon, Ill. 

W. A. Ver Wiebe, E. E. Rehn, C. Edwin Mohler 
Charles O. Hile, Boulder, Colo. 

Warren O. Thompson, Charles S. Lavington, K. C. Forcade 
Richard Dexter Holt, Rawlins, Wyo. 

George H. Hansen, D. L. Blackstone, Jr., L. Murray Neumann 
Jean Arthur Jackson, Alice, Tex. 

Ira H. Stein, J. P. Davidson, C. B. Rossebo 
Joseph Howard Lane, Jr., Wichita, Kan. 

William R. Gahring, James E. Clark, Joseph R. Clair 
Augustin E. Lombard, Geneva, Switzerland 

R. E. Sherrill, A. I. Ingham, M. G. Gulley 
John Attrill Mackintosh, Corpus Christi, Tex. 

John W. Sullivan, Oscar L. Bocock, Dale L. Benson 
Joseph Wilson McDonald, Wichita Falls, Tex. 

Hilton L. Rickard, Sherman A. Wengerd, John E. Owens 
John Carl Meyer, Jr., Midland, Tex. 

L. Wayne Ashmore, Berte R. Haigh, G. K. Eifler, Jr. 
Lloyd C. Miller, Santa Barbara, Calif. 

Robert N. Williams, Lowell Redwine, Loyde H. Metzner 
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Bert Hathaway Mull, Glendora, Calif. 

Lee S. Osborn, Alfred O. Woodford, Gordon R. Bell 
Jan Engelbert Muller, Calgary, Alta., Canada 

Leslie M. Clark, Conrad O. Hage, Arne Junger 
Earl K. Nixon, Lawrence, Kan. 

Raymond C. Moore, John C. Frye, Robert H. Dott 
George Benjamin Patterson, La Canada, Calif. 

Harry P. Stolz, Ted L. Bear, E. L. McDowd 
Edgar Raymond Ring, Jr., Cucuta, Colombia, S. A. 

James W. Bowler, Frank B. Notestein, Jack Gardner Schoonover 
Cesar M. Rosales-W., Maracaibo, Venezuela, S. A. 

Harry S. Rogers, Pedro I. Aguerrevere, R. Martin 
Richards Atwell Rowland, Houston, Tex. 

H. Ries, M. King Hubbert, Shepard W. Lowman 
Theodore Rozsa, Jackson, Miss. 

Robert E. King, Clarence G. Bailey, M. L. Kerlin 
Fred E. Simmons, Jr., Houma, La. 

Paul T. Seashore, Stanley M. McDonald, M. N. Broughton 
Albert George Archibald Sutton, San Fernando, Trinidad, B. W. I. 

V. C. Illing, N. E. Baker, F. W. Penny 
Harold Robert Tainsh, Chauk, Upper Burma 

G. W. Lepper, G. M. Lees, V. C. Illing 
Abraham ten Dam, Relizane, Algeria 

Joseph A. Cushman, Brooks F. Ellis, Don L. Frizzell 
Raoul Vajk, Brentwood, N. Y. . 

Winthrop P. Haynes, Rudolph F. Weichert, Jr., Dorr C. Skeels 
Vertress Lawrence Vander Hoof, Stanford University, Calif. 

A. I. Levorsen, Eliot Blackwelder, Siemon W. Muller 
Oscar Emil Wagner, Jr., Tulsa, Okla. 

E. G. Woodruff, A. L. Beekly, Homer C. Moore 


FOR ASSOCIATE MEMBERSHIP 


Thomas David Barber, Houston, Tex. 

M. R. Spahr, M. M. Sheets, William R. Campbell 
Kemp Elmo Barley, Los Angeles, Calif. 

E. R. Atwill, W. P. Winham, John W. Ruth 
Axel Emil Berndes, Jr., Houston, Tex. 

F. R. Coryn, William Morris Guthrey, V. C. Scott 
Doris Franz Bieberman, Bloomington, Ind. 

Ralph Fsarey, J. J. Galloway, R. M. English 
Ralph E. Brodek, Bakersfield, Calif. 

Glen W. Ledingham, R. W. Clark, Thomas J. Fitzgerald 
Barbara Ellen Brooks, Evansville, Ind. 

Ralph Esarey, J. J. Galloway, Stanley G. Elder ~ 
Lois Jeannette Campbell, Houston, Tex. 

Perry Olcott, Kenneth K. Landes, Lewis B. Kellum 
Enrique Comacho, Havana, Cuba 

Pedro J. Bermudez, H. M. Kirk, D. W. Gravell 
Ivan Barretto de Carvalho, Salvador, Brazil 

K. O. Emery, Thomas Clements, D. A. McNaughton 
Gerald Warren Chase, Bartlesville, Okla. 

E. L. Lucas, V. E. Monnett, Charles E. Decker 
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Stanley Dickson Conrad, Bakersfield, Calif. 

Mason L. Hill, Cordell Durrell, M. N. Bramlette 
Gerald Allison Cooley, Jackson, Mich. 

A. J. Eardley, G. M. Ehlers, K. K. Landes 
James Russell Cotton, Midland, Tex. 

W. W. West, F. H. McGuigan, Berte R. Haigh 
Hendrik Dick DeBruyn, Shreveport, La. 

Hans E. Thalmann, B. O. Winkler, G. F. Kaufmann 
Jean Francois de Chadenedes, Flushing, N. Y. 

Kirtley F. Mather, Robert R. Shrock, W. L. Whitehead 
Peter Edward Des Jardins, Odessa, Tex. 

Samuel P. Ellison, Jr., V. W. Rogers, A. C. Dahl 
Raymond Arnold Fickel, Amarillo, Tex. 

Graydon L. Meholin, A. N. Murray, W. D. McEachin 
Spencer Freeland Fine, Los Angeles, Calif. 

Cordell Durrell, M. N. Bramlette, James Gilluly 
Charles Franklin Fogarty, Bogota, Colombia, S. A. 

Homer J. Smith, John H. Brineman, James A. Tong 
Glen Melvin Ford, Mattoon, IIl. 

Jack Hirsch, L. L. Whiting, George T. Crouse 
Marvin Ellis Hairgrove, Laurel, Miss. 

Felix D. Richardson, J. R. Jackson, Jr., E. A. Gibson 
William C. Hayes, Jr., Rolla, Mo. 

Kendall FE. Born, C. H. Summerson, Garrett A. Muilenburg 
Tom David Hedley, Houston, Tex. 

W. C. Kinkel, Charles E. Decker, C. G. Lalicker 
Jean W. Heim, Tulsa, Okla. 

R. Clare Coffin, Garvin L. Taylor, R. A. Weingartner 
Robert Fremont Herron, Fellows, Calif. 

J. E. Kilkenny, Lesh C. Forrest, R. Stanley Beck 
James Woodrow Higgins, Chicago, JIl. 

J. Marvin Weller, Francis J. Pettijohn, W. S. W. Kew 
Ewing Robinson Hill, Midland, Tex. 

W. W. West, F. H. McGuigan, G. K. Eifler, Jr. 
Robert Arling House, Fort Worth, Tex. 

W. M. Winton, M. E. Upson, J. A. Hord 
Eugene LeRoy Maxwell, Wichita, Kan. 

Loren I. Buck, N. D. Clark, James E. Clark 
Carlos Mordojovich Kaplan, Punta Arenas, Chile, S. A. 

Clifford L. Mohr, Eduardo Simian, Kirtley F. Mather 
Wann Langston, Jr., Lubbock, Tex. 

E. L. Lucas, Charles E. Decker, V. E. Monnett 
Alfred B. Long, Beaumont, Tex. 

Herbert L. Durgan, C. B. Claypool, Herbert Parker 
Roger Hadfield Ogden, Shreveport, La. 

C. N. Valerius, G. D. Thomas, J. D. Aimer 
Cyril Joseph Perusek, Lorain, Ohio 

Raymond Sidwell, Leroy T. Patton, W. I. Robinson 
William Moore Quackenbush, Tallahassee, Fla. 

Hubert G. Schenck, Thomas A. Hendricks, Robert P. Bryson 
George Alver Reed, Wichita, Kan. 

Virgil B. Cole, Ray R. Moody, R. A. Carmody 
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Florence Marie Robinson, Houston, Tex. 

William L. Grossman, Andrew C. Elliott, C. L. Herold 
Lewis Van Skite Roos, Houston, Tex. 

L. A. Scholl, Jr., F. R. Coryn, V. C. Scott 
Nancy Ruth Shaffer, Midland, Tex. 

C. L. Chase, Joseph H. Markley, Jr., Edwin M. Rowser 
James Lockert Sleeper, Jr., Midland, Tex. 

C. L. Chase, Leonard C. Thomas, Leroy T. Patton 
William Wesley Sloan, Jr., Shreveport, La. 

Lawrence A. Goebel, George E. Wagoner, E. B. Hutson 
James Norvell Smith, Fort Worth, Tex. 

R. W. Wilson, E. T. Nichols, Coe S. Mills 
James Wilson Snider, Kirkwood, Mo. 

Garrett A. Muilenburg, C. H. Summerson, K. E. Born 
Joseph Swartz, Cut Bank, Mont. 

James H. McCourt, R. W. Burns, Max Krueger 
Joseph Wayne Thomas, Sinton, Tex. 

Wilton W. LaRue, C. I. Jennings, C. R. Nichols 
Ben R. Thomason, Jr., Midland, Tex. 

Charles E. Decker, Warren O. Thompson, Ward R. Vickery 
Evelyn Marie Turpin, Billings, Mont. 

L. J. Fulton, F. A. Thurman, R. A. Fellows 
Richard Van Horn, Denver, Colo. 

J. Harlan Johnson, W. S. Levings, F. M. Van Tuyl 
William Neill Walker, Lubbock, Tex. 

Raymond Sidwell, Leroy T. Patton, W. I. Robinson 
Leo Weingeist, Caracas, Venezuela, S.A. 

K. F. Dallmus, James S. Cullison, Guillermo Zuloaga 
Blanche Lorraine Wise, Denver, Colo. 

Don B. Gould, N. W. Bass, K. C. Forcade 
Bing Quai Yee, Rolla, Mo. 

Garrett A. Muilenburg, F. A. Graser, K. E. Born 
Roy Calvert Zethraus, Dallas, Tex. 

Frederick A. Burt, S. A. Lynch, Joseph J. Graham 


FOR TRANSFER TO ACTIVE MEMBERSHIP 


Glen Lee Corrigan, Stillwater, Okla. 

F. B. Plummer, H. H. Power, Hal P. Bybee 
Dorothy Jung Echols, Ferguson, Mo. 

Doris S. Malkin, Walter S. Olson, Clifford H. Ritz 
Paul Farmer, Mattoon, IIl. 

Lee C. Lamar, R. F. Anderson, Carl B. Anderson 
Ch’eng Yi Fu, Pasadena, Calif. 

John P. Buwalda, Ian Campbell, J. Wyatt Durham 
Luther David Hawley, New York, N. Y. 

G. W. Schneider, Harry X. Bay, B. E. Bremer 
Robert William Hopf, San Antonio, Tex. 

Leland L. Palmer, James P. Sloss, Noel H. Stearn 
Garald Gordon Parker, Miami, Fla. 

Charles E. Weaver, Herman Gunter, Robert B. Campbell 
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DeVaun Ervin Ritzius, Taft, Calif. 

William G. Binkley, Norman J. Milford, Evan H. Burtner 
Hans Peter Schaub, Havana, Cuba 

H. J. Tschopp, H. M. Kirk, Richard C. Harris 
Parke Detweiler Snavely, Jr., Bakersfield, Calif. 

Watson H. Monroe, H. E. Vokes, Hugh D. Miser 


PUBLICITY FOR GEOLOGY AND GEOLOGISTS 


After Julius Caesar refused the crown three times and fell down in the market-place 
and foamed at the mouth and was speechless—he was an epileptic—two of his future 
assassins dialogued as follows (Julius Caesar, Act 1, ii,). 

Cassius: Did Cicero say anything? 

Casca: Ay, he spoke Greek. 

Cassius: To what effect? 

Casca: Nay, an I tell you that, I’ll ne’er look you i’ the face again: but those that understood 

him smiled at one another and shook their heads; but for mine own part, it was Greek 
to me. 


It is generally agreed that geologists as a group—and most other scientists—should 
use less ‘‘Greek”’ in their relations with the layman, especially the influential layman, and 
should publicize widely their worth, accomplishments, and needs. Attention is directed, 
therefore, to the wide-spread and favorable publicity recently given two long-time mem- 
bers of the Association who were petroleum geologists and are now high executives in 
industry. 

The cover of the March 24 number of Time features a picture of Eugene Holman, 
president of the Standard Oil Company (N. J.), over the statement “Eugene Holman, 
International Oilman,” and the cover of the April 5 issue of Business Week shows a 
picture of Fred A. Davies, vice-president of the Arabian American Oil Company, over 
the statement “Fred A. Davies, the oil he found in Saudi Arabia bulks large in the world 
petroleum pattern.” These featured articles outline the histories of these men, the part 
that geologists play in the petroleum industry, and petroleum developments in the 
Middle East and elsewhere. 

Geology, and especially petroleum geology, is continuously assuming a maturer 
stature in world affairs, and, as is well known in the petroleum industry, geologists are 
moving rapidly into policy-making positions. It seems highly desirable, therefore, that 
members of the Association increase their efforts to assist their committee on applica- 
tions of geology, K. K. Landes, chairman, in informing the public on all phases of geology 
and especially on the natural occurrence of oil and gas underground, the methods of 
searching for these substances, and the methods of exploiting them. 

Geology is now lusty and all geologists should heed the dictum of president Isaiah 
Bowman of The Johns Hopkins University that relaxation and complacency in this 


divided world are evils as great as atom bombs. 
C. E. DoBBin 
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JOSEPH ARTHUR GOODSON 
(1910-1946) 


When, in the early morning hours of December 7, 1946, radio stations announced the 
name of Joseph A. Goodson of Clay City, Illinois, as one of the first identified victims of 
the Winecoff Hotel fire at Atlanta, Georgia, geologists and others of the oil fraternity 
throughout the Illinois basin area were saddened and stunned. Then fearful apprehension 
spread in the Olney area where it was known that Mrs. Goodson and their two small 
children were with Joe en route to Florida. Within a few hours, the frightful apprehension 
changed to a sad reality. Later examination of their burned-out rooms revealed the family 
had withstood the flames to the last moment when there had to be a choice between 
certain cremation and the chance of jumping into a fireman’s net. They chose the chance 
to live; but there was no net to break their fall. 

The four bodies were taken to the home of Joe’s mother, Mrs. G. Frank Vaughan, 
at Lexington, Kentucky, and were laid to rest by the side of his father in the Lexington 
Cemetery. Former classmates and fraternity brothers from the University of Kentucky 
were pallbearers. 

Joseph Arthur Goodson was born, November 26, 1910, in Dixon, Kentucky, the son 
of Dr. Joseph Arthur Goodson and Lalla Rookh Rasco Goodson. When the son was one 
year old, Dr. Goodson was appointed superintendent of the Eastern State Hospital at 
Lexington, thus causing the family to move to Lexington. Joe attended public grade 
schools in Lexington and, after the untimely death of his father, he was sent to prepara- 
tory school at the Kentucky Military Institute, Lyndon, Kentucky. During his senior 
year at the Military Institute, he was made Cadet Major, the highest rank that could 
be attained by a member of the Cadet Corps. In all probability, his training at this school 
helped develop his heritage of fine qualities which so definitely marked him as a courteous 
gentleman throughout the remainder of his life. 

After graduation from the Kentucky Military Institute, he entered the University of 
Kentucky where he received his A.B. degree in geology in 1935. At the University, he 
was a member of Keys, a geological honorary fraternity, and of the Kappa Alpha fra- 
ternity of which he was president for one year. During his senior year, he worked part 
time as a student instructor in geology. 

In January, 1936, he went to work for the Gulf Refining Company in Michigan, start- 
ing to learn the various activities of a large producing oil company. During his first 
summer in Michigan, he suffered the first of a series of serious accidents which followed 
him to the fateful end at Atlanta. While working on a pumping well, his foot was crushed 
by the machinery. This accident resulted in his confinement in a hospital for many long 
months. Upon recovery, he returned to the Gulf organization and worked as a geological 
scout until January, 1941. His next broadening experience was obtained by one year’s 
work with the Halliburton Oil Well Cementing Company in the Michigan fields. In 
January, 1942, he was employed as geologist by The Pure Oil Company and was stationed 
at Clay City, Illinois, where he was still working at the time of his death. 

In August, 1941, Joe was married to Gladys Grace Carlson, the daughter of Mr. and 
Mrs. Edward A. Carlson of Grand Rapids, Michigan. Mrs. Goodson was born in Chadron, 
Nebraska, June 25, 1917, and was graduated from South High School in Grand Rapids, 
Michigan, in June, 1935. After special training at the Lucid Secretarial School, she was 
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employed by the American Production Company where she did some special work with 
Max W. Ball while he was writing his book, This Fascinating Oil Business. Her familiarity 
with the oil industry, together with her charming and lovable personal characteristics, 
fitted Gladys for the ideal companion of an exploitation geologist. To further expand the 
beauty of this companionship, a son, Joseph Arthur III, was born, September 24, 1942, 


JosEPH ARTHUR GOODSON 


and a daughter, Barbara Beck, March 4, 1945. The children reflected the congenial 
characteristics of the parents and a visit in the Goodson home caused friends to observe 
the near approach to the ideal in American family life. 

Joe Goodson was a competent, reliable geologist who never left a job or a problem 
until it was completed. His familiarity with drilling, cementing, and production operations 
drew the respect of all departments within his company. His pleasing personal character- 
istics, his willingness to help on any job, and his congenial participation in all activities 
of his community, endeared him to all with whom he came in contact. He became a 
member of the A.A.P.G. in 1944. 
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On October 1, 1945, Joe suffered an automobile accident from which there seemed little 
chance for his recovery, yet his determination to live and the skill of his doctors enabled 
him to leave the hospital after nearly three months of trying confinement. After a few 
weeks at home and six weeks of sunshine in Florida, he was back at his desk, working 
the hours permitted by his doctors. In October, 1946, just when he was expecting a full 
release from his doctors, he was stricken with pneumonia which made it necessary for 
him to return to the hospital for another four weeks. When he had regained enough 
strength, his doctors and employers recommended his return to Florida for another long 
period of rest. With new hopes for the complete recovery of his health and with great 
plans for a happy future, he and his family were en route to Florida on the fateful night 
they were caught in the hotel fire at Atlanta. 

Why fate should close the lives of this lovable young family just when they had 
begun to bloom into usefulness, is a question that appears to have no earthly explanation. 

A. GREEN 


Olney, Illinois 
March 19, 1947 


CHARLES DWIGHT AVERY 
(1877-1947) 


Charles Dwight Avery was born at Galesville, Wisconsin, on July 29, 1877, the son 
of Henry N. and Catherine S. (Fowler) Avery. After finishing high school he moved 
with his parents to Minneapolis, Minnesota, where he entered the University of Minnesota 
and received an A.B. degree. He then entered the Michigan College of Mines where he 
was graduated with an E.M. degree in 1903. He belonged to the Beta Beta Phi fraternity. 
From 1903 to 1908 he engaged in coal and metal mining, principally in Utah, and super- 
intended some construction work in Oregon. In 1908 he was appointed a mineral and 
Carey Act Inspector by the United States General Land Office of the Department of the 
Interior, with headquarters at Salt Lake City, Utah, and later at Cheyenne, Wyoming. 
He remained with the General Land Office, now the Bureau of Land Management, from 
1908 to 1920, doing field work in the states of Utah, Montana, Wyoming, and Colorado. 
In 1920 he transferred to the United States Geological Survey as a mining engineer, and 
later was appointed a senior geologist, remaining with the Geological Survey until his 
death. 

Mr. Avery was a member of the American Association of Petroleum Geologists, the 
American Society of Civil Engineers of which he was president of the District of Columbia 
Section in 1927 and 1928, and the Geological Society of Washington. He was a Mason 
and a member of the Scottish Rite, Cheyenne, Wyoming, and Korein Temple Shrine, 
Rawlins, Wyoming. On December 6, 1917, he was married to Myra K. Graham, at Storm 
Lake, Iowa. He is survived by his widow and a daughter, Mrs. Nancy Kuhl of California, 
Pennsylvania. 

While with the General Land Office, Mr. Avery examined and reported on Carey 
Act Irrigation Projects as to the adequacy of the water supply, the facilities for getting 
water on the land and the estimated cost. He also reported on the feasibility of proposed 
projects from an engineering and financial viewpoint. 

Mr. Avery’s transfer from the General Land Office to the United States Geological 
Survey in February, 1920, antedated by about two weeks the approval by President 
Wilson of the general leasing law for non-metalliferous minerals in Federal lands. To the 
adoption of sound policies and expeditious procedures in the administration, particularly 
of the oil and gas provisions of this important legislation, the remaining 27 years of his 
public service were devoted. His personal knowledge of men and conditions throughout 
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the states west of the tooth Meridian was an invaluable asset to the Geological Survey 
in the discharge of its responsibilities under the mineral leasing law, and a never failing 
source of aid and inspiration to his associates. The simple record of basic determinations 
made and reported to administrative agencies, in these 27 years, on the structural situation 
and relation to other holdings of the same applicant, of the lands described in more than 
57,000 applications for oil- and gas-prospecting permits on public lands and more than 
35,000 applications for oil and gas leases on such lands, together with determination of 
the bona fide potential value for oil and gas of more than 34,500 land parcels affected by 
conflicting applications for homestead and mineral-prospecting rights, respectively, all 
accomplished with less than 100 appeals from his findings in the entire period, is in itelf 
an eloquent tribute both to his judgment and to his capacity for constructive work con- 
tributing to the highly successful venture of his Government into the field of oil and gas 
leasing. It is only a part, however, of his contribution, which also included most of the 
spade work involved in defining the “known geologic structure” of producing oil and gas 
fields containing Federal lands, as an administrative basis for distinguishing between 
land parcels to be leased for oil and gas by competitive bidding and others that might 
be leased to the first applicant therefor. The record of 250 outstanding definitions of such 
structure on January 31, 1947, aggregating more than 4,326,000 acres in g public-land 
states, is mostly of his making, and constitutes a lasting monument to the utility of his 
unpublicized but invaluable public service. 

In the field of conservation he was an ardent advocate, from its inception, of the 
policy of unit operation for oil and gas fields containing Government lands. 

He participated actively in the conferences and discussions leading to the amendment 
of the oil and gas provisions of the Federal leasing law in 1930, 1931, and 1935, to au- 
thorize and encourage unit or cooperative development of such fields or pools, and his 
only literary contribution in the period of his Survey employ, aside from the thousands 
to his credit in the files of the Interior Department and its agencies, was as senior author 
of a paper on this subject, presented at the Dallas meeting of the American Association 
of Petroleum Geologists, March 23, 1934, and published in Vol. 18, No. 11, of its Bulletin, 
November, 1934. 

BENJAMIN E, JONES 
Washington, D. C. 
April 3, 1947 


CARL WESLEY HUBMAN 
(1905-1947) 


Carl Hubman died on February 15, 1947, when a DC-4 Avianca airliner crashed into 
the almost vertical face of El Tablazo, a mountain about 30 miles northwest of Bogota, 
Colombia. He is survived by his parents, Mr. and Mrs. Charles Hubman of Boulder, 
Colorado, and by his brother, Ralph G. Hubman of Mt. Pleasant, Michigan. 

Carl was born on February 7, 1905, in Boulder, Colorado, where he grew up and 
attended public schools. In high school he was class president in both sophomore and 
junior years and he graduated as class valedictorian. He entered the University of Colo- 
rado on a scholarship granted by the University in recognition of his high school record. 
He majored in geology and graduated in 1927, receiving an A.B. degree cum laude. 
During his undergraduate days he was elected a member of Arch, an honorary sophomore 
fraternity at the University of Colorado. At graduation he received the first D. W. 
Brunton Award for meritorious work in geology. During his university years he did geo- 
logical field work during several summer vacations for the Midwest Refining Company 
in New Mexico, Utah, and Arizona. 
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After graduation he entered the graduate school at the University of Colorado, having 
been granted a research fellowship in the department of geology, but in February, 
1928, he left to accept employment with the Lago Petroleum Corporation at Maracaibo, 
Venezuela. Upon completion of his eighteen months contract with the Lago Petroleum 
Corporation he returned to the United States and worked for a short time with the 


Cart WESLEY HuBMAN 


Louisiana Oil Refining Company. In September, 1930, he joined the geological staff 
of The Texas Company in the West Texas-New Mexico division. In 1933 he was sent 
to the Argentine on the staff of Ultramar SAPA, this being a Texas Company joint- 
interest affiliate. There he did outstanding work in Salta and Neuquen. In January, 1937, 
he was transferred to the Colombian Petroleum Company, jointly owned by Texas 
and Socony, and took a leading part in mapping the Barco Concession. In 1938 he became 
chief geologist of that company and continued in that capacity until mid-1943 when he 
took military leave of absence and enlisted in the Army of the United States. He was 
assigned to the 1876th Engineering Aviation Battalion, Headquarters Company. He 
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trained at March Field and Geiger Field and served with the aforementioned battalion 
in India, Burma, and China. He was honorably discharged in October, 1945. It was 
rather characteristic of Carl that he enlisted as a buck private at the age of 38 and saw 
the war through the hard way. He never asked favors. 

In January, 1946, Carl rejoined The Texas Company and spent almost a year in sub- 
surface work at Corpus Christi, Texas. In December, 1946, he was transferred to Bogota, 
Colombia, as assistant manager in charge of operations for the Texas Petroleum Company, 
Colombian division. He was working in that capacity at the time of his tragic death. 

Carl was a member of Phi Beta Kappa, Sigma Xi, Sigma Nu fraternity, the American 
Association of Petroleum Geologists, and was a Fellow of the American Geographical 
Society. He was co-author of a paper entitled “(Geology of the Barco Concession,” pub- 
lished in the Bulletin of the Geological Society of America in October, 1944. 

The foregoing outlines a career all too short. Those who worked with him in the field 
or the office knew him as a man of outstanding ability who should have a bright future. 
He was that rare combination, a really first-class field geologist who was also a good office 
man. He could turn out a clear, concise, and well organized report, train a group of young 
geologists just out of school to do effective work in the jungle, and manage a geological 
department so it ran smoothly. He had the instincts of a research man but he kept his 
feet on the ground and never lost sight of his objective. He had plenty of imagination but 
it was coupled with a keen critical faculty and any hypothesis, his own or that of others, 
had to stand up to rigid investigation. 

Carl had a gay and lovable personality that made him a host of friends wherever 
he went. He was a hard worker but no solemn grind, and he knew how to relax and play 
when the time came. In the city he was a man of the world, neat, businesslike, friendly 
but somewhat reticent, and at home in any company. In the office he never forgot that 
he had been a field man and that the office was there to serve the field. In the woods he 
was a pathfinder and a pioneer like only a few. ‘“Hub” ranged the earth and there are 
those to mourn him who knew him from Patagonia to Colombia and from the Rocky 
Mountains to Kunming. Among his associates of the deep bush his loss leaves a gap which 


will never be filled. 
FRANK B. NOTESTEIN 


Bogoté, Colombia 
April 7, 1947 


JOSEPH MEADOWS DAWSON 
(1895-1946) 


Joseph Meadows Dawson was born in northern Louisiana on September 10, 1895, and 
later moved to San Benito, Texas, where he was reared. He died in San Antonio, Texas, on 
August 9, 1946, as a result of a heart attack. 

Joe entered the University of Texas in the fall of 1915, but his education was inter- 
rupted by World War I, when he entered the first Officers Training Camp at Leon Springs 
in 1917. He was transferred to the Air Corps after graduation. During the war Joe held the 
rank of Captain and was instructor at the Memphis Flying Field. When the war closed, he 
was commandant of the Orlando, Florida, Field. 

After the war, Joe returned to the University of Texas and majored in geology. He re- 
ceived his degree there in 1921. Joe’s college fraternity was Theta Xi. He was also a mem- 
ber of Sigma Gamma Epsilon, honorary geological fraternity, and he was vice-president of 
the University of Texas’ Chapter of S.G.E. during the year 1920-1921. 
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In the fall of that year he went to work for the Gulf Production Company doing surface 
work along the fault line in Texas. In 1923 and 1924 he worked for the Venezuelan Gulf 
Company in the Maracaibo Basin. He then returned to San Antonio, Texas, with the Gulf 
Company, where he did surface and subsurface geological work. Joe was one of the first 


JosepH Meapows Dawson 


geologists in Southwest Texas to recognize the possibilities of the Salt Flat area. He got his 
company into this field early. 

In June, 1932, Joe was made zone agent for the Gulf Company at San Antonio, which 
position he held until his resignation in June, 1939. He then moved-to Jackson, Mississippi, 
where he had charge of geological work for Wheelock & Collins, W. L. Pickens, and H. J. 
Porter. In 1941 he moved to Evansville, Indiana, for these operators, and found some small 
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production in eastern Indiana for them. In 1942 he went with H. L. Hunt in charge of ex- 
tensive work in I]linois and Michigan. He was assisted in his geology by Grady M. Kirby. 

In 1944 Joe returned to Jackson, Mississippi, where he did consulting work, and was 
instrumental in getting several wells drilled. His technical work was always of the highest 
quality. 

_ Joe is survived by his wife, Virginia Dawson, and their two children, Joseph M., Ir., 
and Dorothy, of San Antonio, Texas; three sisters, Mrs. L. W. Anderson, Norman, 
Oklahoma; Mrs. Nina Orr, Shreveport, Louisiana; Miss Erle Dawson, San Antonio, 
Texas; and six brothers, Dr. DeWitt Dawson, San Benito, Texas; Raleigh Dawson, Wash- 
ington, D. C.; W. Y. Dawson, Jr., Rio de Janeiro, Brazil; E. W. Dawson, Corpus Christi 
Texas; W. S. Dawson, Rodeo, California; and H. M. Dawson, San Antonio, Texas. 

There are probably few members of the A.A.P.G. who have had more friends than Joe. 
His mind was keen and active, and he took a great interest in geological problems in those 
areas in which he worked, especially Southwest Texas. He was an enthusiastic member of 
the A.A.P.G., serving on many committees, and was always ready to help younger 
geologists to get started in the profession. He served as president of the South Texas Sec- 
tion of the A.A.P.G. in 1935, and had previously served as vice-president and secretary- 
treasurer of the same organization. He was a member of the San Antonio Petroleum Club 
and its vice-president in 1937. 

Joe’s hobbies in life were hunting, fishing, and raising bird dogs, and he was widely 
known throughout the Southwest as a crack shot. He was a colorful and lovable 
character. We mourn the loss of a fine geologist, a great sportsman, and a true friend. 


DitwortH S. HAGER 


Dallas, Texas 
May 12, 1947 
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CURRENT NEWS AND PERSONAL ITEMS OF THE PROFESSION 


A. N. Murray, professor of geology at the University of Tulsa, gave a lecture on 
“The General Geology of the Linta Basin” before the Shawnee Geological Society, 
March 13, at the Aldridge Hotel, Shawnee, Oklahoma. 


Nrets C. GEORGESEN has resigned as district geologist for the Tide Water Associated 
Oil Company to enter the independent consulting field. He will make headquarters at 
504 Hulman Building, Evansville, Indiana. 


Josepu S. Irwin, consulting geologist, Calgary, Alberta, is president of the Association 
of Professional Engineers of Alberta. 


A Yankqui in Patagonia, “A Bit of Autobiography,” by BAILEY WILLIs, emeritus 
professor of geology of Stanford University, California, has been published by the Stanford 
University press ($3.00). 


The 18th Session of the International Geological Congress will be held in London, 
England, from August 25 to September 1, 1948. Headquarters will be in the building of 
the Geological Survey and Museum, Exhibition Road, South Kensington, London, 
S.W. 7; all communications should be sent to this address, attention of the General 
Secretaries, 18th Session International Geological Congress. Numerous guided excursions 
in England, Wales, Scotland, and Ireland will take place both before and after the Con- 
gress. President C. E. Dospin has appointed J. HARLAN JoHNSON, of the Colorado 
School of Mines, Golden, and A. RopGER DENISON, of the Amerada Petroleum Corpora- 
tion, Tulsa, as A.A.P.G. delegates. 


Rosert W. Barr has resigned from the U. S. Geological Survey and has accepted 
a position as geologist in the Denver, Colorado, office of the Continental Oil Company. 


H. C. VANDERPOOL has resigned from the Seaboard Oil Company in order to accept 
appointment as chief geologist with the Texas and Pacific Coal and Oil Company, Fort 
Worth, Texas. 

Wa tter K. Linx has resigned as exploration manager of the Tropical Oil Company, 
Bogota, Colombia, and as exploration coordinator of the International Petroleum Com- 
pany in Colombia, Ecuador, and Peru. In his new position he is chief geologist of the 
Standard Oil Company (New Jersey), 30 Rockefeller Plaza, New York. 


GEORGE GAENSELEN, geologist with the Standard Oil Company of Egypt, has re- 
turned to Cairo after a recent “‘stateside’”’ vacation. 


GartH W. Cay tor has resigned his position as geologist with the Shell Oil Company, 
Inc., Tulsa, Oklahoma, to enter practice as an independent consulting geologist. His 
office address is Room 206, Chestnut-Smith Building, Tulsa, Oklahoma. 


James D. Wetr, University of Saskatchewan, has been appointed chief geologist for 
the California Oil Company, Ltd. He is a past-president of the Alberta Society of Pe- 
troleum Geologists. 


Bos Hancock, geologist with the Magnolia Petroleum Company for a number of 
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years, has resigned to enter practice as an independent consultant. His office is at 818 
Braniff Building, Oklahoma City, Oklahoma. 


Louis H. LukErt, geologist with The Texas Company, Tulsa, spoke before the Tulsa 
Geological Society on the evening of April 7. His subject: “Lower Permian and Pennsyl- 
vanian Subsurface Correlations in North-Central Oklahoma.” 


Louis H. Desjarprns, Creole Petroleum Corporation, Caracas, Venezuela, has been 
on a recent vacation in the United States. 


E. G. DAHLGREN, assistant secretary, Interstate Oil Compact Commission, Okla- 
homa City, Oklahoma, presented a paper, “Underground Natural Gas Storage,’’ before 
the American Gas Association meeting in Chicago, Illinois, on May 1. 


A regional meeting of the Society of Exploration Geophysicists was held in Tulsa, 
Oklahoma, May 22, under the auspices of the newly organized Geophysical Society of 
Tulsa. Other regional meetings were held in Houston, Texas, and Pittsburgh, Pennsyl- 
vania. 


Norman D. NEwELL, professor of geology at Columbia University, New York, is 
heading a summer geological expedition into an unexplored region on the high eastern 
slopes of the Peruvian Andes. Geologists from Columbia University, the American 
Museum of Natural History, and the Instituto Geologico de Peru will participate. 


James GILLULY, University of California at Los Angeles, has been elected to the 
National Academy of Sciences. 


Two hundred and twenty-four geologists participated in a 3-day field conference in 
the western part of the Ouachita Mountains conducted by the Tulsa Geological Society, 
May 8-10. Under the leadership of T. A. HENpricks, U. S. Geological Survey, key ex- 
posures were visited throughout the area covered by new U. S. Geological Survey Prelim- 
inary Map 66, Oil and Gas Investigations Series (May, 1947). HucH D. MIsEr, to whom 
the Guide Book is dedicated, led the trip into the Potato Hills. 


RosBErt B. CAMPBELL, of Gulf Hammock, Florida, addressed the Florida Educational 
Association, April 18, at its annual meeting in Tampa on the subject, ‘“‘Earth Sciences in 
the Public School Curriculum.” Campbell has been busy addressing various business 
men’s clubs in the Miami area on ‘Petroleum Exploration in Florida.” 


The Rocky Mountain Association of Geologists, Denver, Colorado, held a field trip, 
June 16-19, in the general region of Golden, Leadville, Glenwood Springs, and Rifle. 
Trip leaders were VANDERWILT, KOSCHMANN, TWETO, VAN TUYL, JOHNSON, SHAW, and 
LAVINGTON. 


HENRY SCHWEER, consultant of Wichita Falls, Texas, spent several months since 
January 1 in Central America, engaged in surface work. 


Percy W. Donovan resigned as vice-president and manager of the contract drilling 
division of F. J. Longyear Company, Minneapolis, Minnesota, June 6, after 42 years of 
active service. 


J. A. ALLAN, professor of geology at the University of Alberta, Edmonton, is head of 
the department of geology at that institution. An error was made in crediting P. S. 
WarrEN, his colleague, as head of the department, in the authorship of the geological 
note by DECKER, WARREN, and STELcK, “Ordovician and Silurian Rocks in Yukon 
Territory, Northwestern Canada,” on page 149 of the January Bulletin. 
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The Pacific Section (Los Angeles, California) annual spring picnic was held at the 
Standard Oil Company picnic grounds in Pico Canyon, May 23-24. HAROLD E. RADER 
was in charge of arrangements. 


At the Pacific Section luncheon meeting, Clark Hotel, Los Angeles, June 5, F. A. 
Hurr, of the Southern Counties Gas Company, spoke on “Texas Gas for California.” 


The Geological Forum of the Pacific Section of the Association holds frequent meet- 
ings, attended by 100~150 geologists. 


The annual lectures in petroleum geology at the University of Michigan were given 
on May 1 and 2 by Ira H. Cram, of the Pure Oil Company, and past-president of the 
A.A.P.G. 


Recent additions to the staff of Geophoto Services in Denver are BERNARD M. BENCH, 
formerly consulting geologist, RoBErtT B. McCuttocu, formerly with the Stanolind 
Oil and Gas Company at Craig, Colorado, and C. MayNarp Boos, formerly Rocky 
Mountain division geologist for the Barnsdall Oil Company. 


LAURENCE BRUNDALL, vice-president of Geophoto Services, Denver, presented a 
paper on photogeology at a joint meeting of the Southwestern Division of the A.A.A.S. 
and the Colorado-Wyoming Academy of Science which was held May 1-3 at Colorado 
Springs, Colorado. 


New officers of the East Texas Geological Society, Tyler, Texas, for the year 1947- 
1948 are: president, T. H. SHELBy, Jr., Humble Oil and Refining Company; vice-presi- 
dent, L. F. Lees, Phillips Petroleum Company; secretary-treasurer, WALTER E. Lone, 
Magnolia Petroleum Company. 


The Rift Club of Southern California, under the presidency of Epwin VAN AMRINGE, 
assistant professor of geology at Pasadena Junior College, held its final field excursion for 
the year on April 18 to 20. D. FostER HEwirt, staff geologist of the United States Geo- 
logical Survey, led the caravan of 22 cars on a study of the complex overthrusting in the 
Ivanpah Quadrangle, eastern San Bernardino County. For the coming year JouN C. 
Hazzarp, of the Union Oil Company of California, was elected president, and KENNETH 
B. GarnER, of San Bernardino, secretary-treasurer. 


After 9 years with the Schlumberger Oil Well Surveying Corporation in the Gulf 
Coast region and Oklahoma as chief engineer and district manager, RicHarD D. Buck 
resigned, May 1, to open a consulting office. He may be addressed at 1704 North Market, 
Shawnee, Oklahoma. 


Joun R. BALL, professor emeritus of geology at Northwestern University, Evanston, 
Illinois, is teaching geology, mineralogy, and paleontology at the University of Kansas 
City, Kansas City, Missouri. 


Rosert L. Bates, for the past 6} years petroleum geologist with the New Mexico 
Bureau of Mines and Mineral Resources, Socorro, has resigned, effective August 1. 
He will become assistant professor in charge of the department of geology at the Newark 
Colleges of Rutgers University, Newark, New Jersey. 


Harry G. HapDLer, geologist with the Stanolind Oil and Gas Company, talked on 
“South and West Moore Oil Fields” before the Shawnee Geological Society, April 25. 
New officers were elected: president, HENRy ANDREW Campo, Atlantic Refining Com- 
pany, Shawnee; vice-president, FRED J. SmirH, Sinclair Prairie Oil Company, Seminole; 
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secretary-treasurer (re-elected), MARCELLE Movustey, Atlantic Refining Company, 
Shawnee, Oklahoma. 


Betty Ketretr Napeavu has been appointed a research associate withthe title of 
lecturer in geology in the geology department of Washington University, St. Louis, 
Missouri. 


C. E. Dossy, of the United States Geological Survey, Denver, Colorado, and 
C. J. Hares, of the Ohio Oil Company, Boulder, Colorado, represented the Association 
at the Mountain-Plains Regional Conference of the United Nations Educational, Scien- 
tific and Cultural Organization in Denver, May 15, 16, 17. President Dobbin addressed a 
division of the conference on ‘‘Petroleum in World Affairs.” 


At its annual business meeting on May 16, 1947, the Pittsburgh Geological Society 
elected the following officers: president, SHAILER S. PHILBRICK, United States Engineers; 
vice-president, JoHN T. GaLey, independent oil and gas operator; secretary, Davin K. 
Kirk, Gulf Research and Development Company; treasurer, CHARLES H. FELDMILLER, 
Equitable Gas Company. The final meeting consisted of a full-day symposium on the 
Trenton and sub-Trenton rocks of the Appalachian basin. More than 200 geologists, 

‘ representing 13 states, attended this meeting to hear 10 speakers present their papers. 
This symposium was intended to arouse further interest in the deeper rocks of the Ap- 
palachian basin as possible sources of new oil and gas reserves. 


RussELL V. JOHNSON, consulting geologist formerly of Oak Harbor, Washington, 
has opened an office at 600 Mercantile Building, Denver, Colorado. 


Lewis H. Boyp has resigned from the Brown Geophysical Company to accept a posi- 
tion as director of the gravity-meter and instrument rentals division of the Western Geo- 
physical Company, Tulsa, Oklahoma. 


C. L. SEVERY has resigned from the U. S. Bureau of Mines in order to engage in con- 
sulting geological work in oil and gas. His address: 1770 Guinda Street, Palo Alto, Cali- 
fornia. 


G. W. Gutmon and N. W. Jouns, after 8 years of employment by the California Com- 
pany in foreign and domestic geological and geophysical work, have resigned to form the 
consulting firm of Gulmon and Johns in Natchez, Mississippi. 


Paut B. FAHLE is in charge of the Shreveport, Louisiana, district office of the Plym- 
outh Oil Company. 


J. A. Mutt has left the Superior Oil Company to organize Central Exploration Com- 
pany, Inc., 306 Kerr-McGee Building, Oklahoma City. The firm engages in geological and 
seismograph exploration. 


Atva C. Ettisor has retired from the Humble Oil and Refining Company and may be 
addressed at 1718 Avenue N, Galveston, Texas. 


LAURENCE BRUNDALL, vice-president of Geophoto Services, Denver, Colorado, ad- 
dressed a joint meeting of the Appalachian Geological Society and the Engineers’ Society 
of Western Pennsylvania held in Marietta, Ohio, May 23. His paper was on photogeologi- 
cal evaluation. 


Hatt Taytor is making a stratigraphic study of Ethiopia for the Sinclair Petroleum 
Company. He flew to Italy early in June to examine Italian collections, and has now gone 
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to Ethiopia for work on the ground. He plans to resume his teaching duties at Columbia 
University, New York City, about December 1. 


H. W. Txoms, geologist with Creole Petroleum Corporation, Caracas, Venezuela, is 
spending July and part of August on vacation in the states, where he may be reached in 
care of L. Banes, 224 Pacific Street, Bakersfield, California. 


New officers of the Tulsa Geological Society, elected May 23, are as follows: president, 
CuHar Es G. CARLSON, consulting geologist; first vice-president, JERRY E. Upp, Amerada 
Petroleum Corporation; second vice-president, L. E. Fitts, Jr., Sinclair Prairie Oil Com- 
pany; secretary-treasurer, V. L. Frost, Ohio Oil Company. 


The Shreveport Geological Society announces the following new officers: president, 
W. E. Wattace, Jr., Sohio Petroleum Company; vice-president, Epwarp W. Scort, 
Union Oil Company of California; secretary-treasurer, RICHARD T. CHAPMAN, Stanolind 
Oil and Gas Company. 


Pau. WeAvER, Gulf Oil Corporation, Houston, Texas, spoke on “Geology of Den- 
mark” before the June 9 noon meeting of the Houston Geological Society. 


Kart A. Mycopat, Pure Oil Company, Fort Worth, Texas, and C. D. CANTRELL, JR., ' 
Phillips Petroleum Company, Midland, Texas, presented papers on “Keystone Oil Field, 
Ector County, Texas,” and ‘“TXL Field, Ector County, Texas,” respectively, before the 
May 26 annual meeting of the Tulsa Geological Society. 


Frank A. MorGan, vice-president of the Richfield Oil Corporation, Los Angeles, 
California, has been in Australia and Asiatic islands, several weeks, studying petroleum 
possibilities. 


Joun S. REDFIELD, geologist with the Stanolind Oil and Gas Company at Tulsa, Okla- 
homa, for many years, was appointed assistant secretary of the Geological Society of 
America, New York City, effective June 1. 


The Indiana-Kentucky Geological Society, Evansville, Indiana, elected the following 
officers on May 27: president, J. ALBERT Brown, Sohio Petroleum Company, Owensboro, 
Kentucky; vice-president, GEORGE ERNEsT TayLor, Continental Oil Company, Evans- 
ville; secretary-treasurer, P. L. Ketter, Great Lakes Carbon Company, Evansville; 
executive committee members: I. J. PreErceE, Phillips Petroleum Company, Evansville, 
and JAmes H. Poreet, Electrical Surveys, Evansville. 


Rosert B. Torren, Sun Oil Company, Monroe, Louisiana, spoke before the Houston 
Geological Society, May 26, on the subject, ‘“‘Delhi, West Delhi, and Big Creek Fields of 
North Louisiana.” 


Kurt H. Dre Cousser, White Star Division, Socony-Vacuum Oil Company, Inc., 
Lansing, Michigan, has been appointed to serve a 3-year term on the Michigan Oil Ad- 
visory Board. He served in a similar capacity during the first 4 years following the Board’s 
inception. 


HERBERT E. WRIGHT, JR., of Brown University, has been appointed assistant professor 
of geomorphology in the department of geology at the University of Minnesota, Minneapo- 
lis, effective in September. 


FREDERIC H. LAHEE, for 27 years chief geologist of the Sun.Oil Company, has been 
promoted to the position of geological and research counselor for the Sun Oil Company. 
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Francis E. HeatH has been made chief geologist of the Sun Oil Company’s Dallas 
division. 

Newly elected officers of the New Orleans Geological Society are as follows: president, 
D. D. Urrersack, Houston Oil Company of Texas; vice-president, JosEpH B. Hupson, 
Humble Oil and Refining Company; secretary-treasurer, D. NELSON Rockwoop, Union 
Producing Company. 


Sam H. Houston, Jr., of the Humble Oil and Refining Company, Houston, Texas, died 
in Houston on April 19. 


Epwin BAYER BRANSON, retiring this year from formal active teaching after 37 years 
as professor of.geology and chairman of the faculty of the geological department at the 
University of Missouri, was honored with his wife at a testimonial dinner held at the 
Daniel Boone Hotel, Columbia, Missouri, May 23. Alumni presented him with a Koda- 
slide master projector and a bound volume of letters ot appreciation. 


J. Rex McGEHEE, after several years in Calgary, Alberta, with the Shell Oil Company 
of Canada, is back in the geological department of the Shell Oil Company, Inc., Tulsa, 
Oklahoma. 


J. Gorpon Cote has returned from a year’s service in the Bahamas as geologist and 
technical adviser for Nassau Oil Mining Company, Ltd. He is resuming consulting prac- 
tice as a member of the firm of Cole and Lockwood, 1735 Golden Gate Avenue, Los Angeles 
26, California. 


JEAN Jacques Dozy, formerly in Caracas, Venezuela, with the Caribbean Petroleum 
Company, may now be addressed: Bataafsche Petroleum Mij., Carel van Bylandtlaan 30, 
The Hague, Netherlands. 


Rex TOWNSEND, formerly assistant chief of the U. S. Department of State, has be- 
come a member of the firm of Hoover, Curtice, & Ruby, Inc., New York. 


J. Roy McCoy has resigned from his position with Leland Fikes, Dallas, Texas, to be- 
come head of the geological and production departments of the Anton Oil Corporation, 
Fort Worth. 


J. B. Means, Jr., formerly employed by the Tide Water Associated Oil Company at 
Jackson, Mississippi, has jointed the geological staff of Skelly Oil Company at Corpus 
Christi, Texas. 


Wii1am F. CALonan, formerly with the British-American Oil Producing Company, 
has opened a consulting geological office in the Esperson Building, Houston, Texas. 


PauL Montcom_ry, formerly executive director of the Office for Natural Gas Con- 
servation of Louisiana, has joined the consulting firm of Bates and Cornell, Lafayette, 
Louisiana. 


ALvin E. CHEYNEY, formerly geologist with the Skelly Oil Company, has resigned to 
accept a position as geologist for Sinclair Prairie Oil Company, Wichita, Kansas. 


Joun Howarp SAMUELL has resigned his position with Lane-Wells Company as dis- 
trict geologist and petroleum engineer in West Texas and New Mexico and has accepted 
a position as petroleum engineer with the First National Bank in Dallas, Texas. 


W. H. TwWENHOFEL will lead the 1947 annual Tri-State Field Conference, to be held 
in the Silurian area of eastern Wisconsin early in October. 
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DURANGO, COLORADO, FIELD TRIP 


A 2-day field trip covering the Animas River Valley stratigraphic section north of 
Durango, Colorado, was held May 24 and 25. N. Wood Bass of the Denver office of 
the United States Geological Survey was leader. The first day was spent between Pinker- 
ton Hot Springs and Molas Pass, studying the section from the pre-Cambrian granite 
through the Ignacio quartzite (Cambrian), exposed near Pinkerton, the Elbert formation 
(Devonian), exposed in Cascade Canyon; (the Ordovician and Silurian are absent), the 
Ouray (Devonian) and Madison (Mississippian) limestones, exposed in Rockwood quarry 
and along the D. & R. G. W. railroad; the Molas formation (basal Pennsylvanian), ex- 
posed at Molas Lake; and the basal part of the Hermosa formation (Pennsylvanian), 
exposed at several places along the Million Dollar Highway (U. S. 550). 

The second day was spent between Pinkerton Hot Springs and Durango, studying the 
Hermosa in some detail, including a section on Hermosa Creek where beds of gypsum and 
black shale of probable Paradox equivalent are exposed; the questionable Rico formation 
formerly considered to be Permian in age, but now known to be Pennsylvanian, and 
probably an invalid formation whose beds should be included in the Hermosa; and the 
lower Cutler formation of Permian age. The section from the lower Cutler to the granite 
is shown in detail in the U. S. Geological Survey Preliminary Chart, Oil and Gas Investiga- 
tions, and is discussed in its accompanying text, Paleozoic Stratigraphy of Southwestern 
Colorado, Northwestern New Mexico, Northeastern Arizona, and Southeastern Utah, by 
N. W. Bass. 

Because of the interest in deposits of Triassic and Jurassic age in the San Juan Basin 
area, the trip was extended to include these beds. The Triassic is represented by the Chinle, 
with questionable Shinarump present. The Jurassic deposits include a remnant of ques- 
tionable Wingate, the Entrada, Todilto, and Morrison, of which the basal Morrison sand 
with the thin Todilto limestone and Entrada sand form the LaPlata sandstone of earlier 
scientific, and present-day drillers’ terminology. 

The trip concluded at the foot of the Dakota (Cretaceous) escarpment, with no one 
having enough energy left to climb it. Fifteen geologists from Durango and the San Juan 


Basin area participated in the trip. 
J. L. BorDEN 


THIRTY-THIRD ANNUAL MEETING, DENVER, APRIL 26-29, 1948 


April 26-29, 1948, are the dates selected for the thirty-third annual meeting of The 
American Association of Petroleum Geologists, to be held in Denver, Colorado, as an- 
nounced by Carroll E. Dobbin, president of the Association in Denver. 

The Rocky Mountain Association of Geologists is to be the host for the occasion and 
it is planned that the annual meetings of the Society of Economic Paleontologists and 
Mineralogists and the Society of Exploration Geophysicists will be held in Denver at the 
same time. 

T. S. Harrison, consulting geologist, has been named general chairman for arrange- 
ments and A. E. Brainerd, Continental Oil Company, is assistant general chairman. 

The Shirley-Savoy Hotel is to be convention headquarters. Members are requested 
to cooperate with the hotels committee, Charles S. Lavington, chairman, by using the 
special reservation cards which will be mailed to all members in due time. Further notices 
will be published from time to time. 
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DISTINGUISHED LECTURE TOUR 


Maurice EwIno, associate professor of geology, Columbia University, New York, de- 
livered his lecture ‘Geophysical Investigation of Continental Borders” before the follow- 
ing geological groups on the dates shown. 


May 1 Eastern Section—A.A.P.G. 
2 Yale University 
8 Ohio State University 
9 Lllinois Geological Society 
10 University of Wisconsin 
12 University of Iowa 
14 Wyoming Geological Association 
15 Tulsa Geological Society 
16 Ardmore Geological Society 
17 Fort Worth Geological Society 
19 Dallas Geological Society 
20 East Texas Geological] Society 
21 Houston Geological Society 
22 South Louisiana Geological Society 
24 Mississippi Geological Society 
26 Southeastern Geological Society 


New York, N. Y. 
New Haven, Conn. 
Columbus, Ohio 
Mt. Vernon, Ill. 
Madison, Wisc. 
Iowa City, Iowa 
Casper, Wyo. 
Tulsa, Okla. 
Ardmore, Okla. 
Fort Worth, Tex. 
Dallas, Tex. 
Tyler, Tex. 
Houston, Tex. 
Lake Charles, La. 
Jackson, Miss. 
Tallahassee, Fla. 


The Shell Union Oil Corporation, with its associated companies, has established an 
industrial fellowship for graduate research in Petroleum Production Engineering at 
the Missouri School of Mines and Metallurgy. The fellowship will be in effect during the 
academic year 1947-48, beginning September 1, 1947. It has been instituted to encourage 
graduate research in petroleum production and is open to graduate students whose train- 
ing and experience are such as to qualify them for special study in petroleum production 
engineering. The opportunity is renewable for more than one year’s tenure if warranted 
by circumstances and it is designed to lead to a Master or a Doctorate degree. Preferential 
consideration ordinarily will be given to applicants who are Doctorate candidates. To hold 
the fellowship will not imply that subsequent employment obligations exist either on the 
part of the Shell Corporation or on the part of the recipient of the grant. The Shell fellow- 
ship carries a stipend of $1200 for a year’s study. In addition, the corporation will reim- 
burse the candidate for actual tuition and academic fees and an allowance up to $300 also 
is established for purchase of material, equipment, and other expenses related to the re- 
search project. Applicants for this fellowship for the next academic year, beginning 
September 1, 1947, should write for application blanks or for any forther information to 
J. D. Forrester, chairman of the graduate committee, Missouri School of Mines and 
Metallurgy, Rolla, Missouri. 


Lester W. Srrocx is American co-editor of the international publication for spectro- 
scopists and spectrochemists, Spectrochimica Acta, published in the Vatican under the 
editorship of ALors GATTERER. Papers in English from America should be addressed to 
LEsTER W. Srrock, 21 Madison Avenue, Saratoga Springs, New York. 


The Mississippi Geological Society, Jackson, Mississippi, has elected the following 
officers for the 1947-48 season: president, H. L. Spyres, Skelly Oil Company; vice-presi- 
dent, R. D. SpracuE, Sinclair-Wyoming Oil Company; secretary-treasurer, CARL F. 
Gruss, The Superior Oil Company. 


The Geological Forum of the Pacific Coast Section of the Association held a meeting 
at the General Petroleum Auditorium, 108 West 2d Street, Los Angeles, on Monday, 
June 16, at 7 P.M., under the chairmanship of ORRIN W. GILBERT, of the Standard Oil 
Company of California. The following papers were presented: “Some Aspects of Tide- 
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land Drilling and Development,” by Mitton W. Lewis, consultant; and “Operations in 
Saudi-Arabia,” by Max STEINEKE, the Arabian-American Oil Company. 


SELDEN R. SEtF of Houston, Texas, has resigned after completing 19 years of service 
in the geological department of the Amerada Petroleum Company. He was senior district 
geologist with the Amerada company. 


Max W. BALL, director of the Oil and Gas Division of the United States Department 
of the Interior, was awarded the medal of merit for distinguished achievement by the 
Colorado School of Mines on the occasion of the May 29 commencement. This is the fifth 
such medal conferred in the School’s history. 


W. E. WraTHER, director of the United States Geological Survey, received the honor- 
ary degree of Doctor of Engineering at the Colorado Schools of Mines commencement on 
May 29. 


New officers of the Houston Geological Society, elected June g: president, CHARLES H. 
SAMPLE, J. M. Huber Corporation; vice-president, A. F. CHILDERS, JRr., Gulf Oil Corpora- 
tion; secretary, HERSHAL C. FERGUSON, consulting geologist; treasurer, EUGENE L. Fart, 
Crown Central Petroleum Corporation. L. B. HERRING, Second National Bank, Houston, 
L. L. NETTLETON, Gravity Meter Exploration Company; and Donatp I. GAHAGAN, 
Skelly Oil Company, were elected to the advisory committee. 


Tuomas HENry HOLtanp, 78, distinguished geologist and mineralogist of Edinburgh 
University, Scotland, died May 17. Sir Thomas was formerly director of the Geological 
Survey of India. 


Tra A. BRINKERHOFF has opened a consulting office at 730 Bankers Mortgage Building, 
Houston, Texas, for the firm of Cummins, Berger, and Pishny. 


Graduate Assistantships paying from $900 for an academic year and $1200 for a calen- 
dar year, are available in the department of geology and geography of Rutgers Univer- 
sity. Holders of these positions have free tuition. Graduate assistants will serve half-time 
in laboratories, grading papers, ef cetera. Two years are normally spent in- meeting the 
requirements for the Master’s degree. Scholarships without stipend are also available for 
selected students. These scholarships carry remission of fees and the student has full time 
for research and study. One year’s residence fulfills the requirement for the Master’s de- 
gree. Forms for admission should be obtained and returned to the Executive Secretary 
of the Graduate Faculty, Rutgers University, New Brunswick, New Jersey. Applicants 
who have had training in geology, geology with a geographic background, or geography 
with a geologic background may write to the Chairman of the Department of Geology 
and Geography for the assistantships and to the Executive Secretary for scholarships 
without stipend before September 15, of the current year. Proof of admission to the 
Graduate School of Rutgers University must be submitted with each application. 


The Instituto de Ingenieros de Minas del Peru, Lima, has elected the following officers 
for 1947: president, JUAN MANUEL YANEz L-E6N; 1st vice-president, MANUEL B. LLosa; 
2d vice-president, SERAFIN LASTRES QuINONEs; home secretary, Luis TAPIA SALINAS; 
foreign secretary, CARLOS A. BoADO TAVERA. 


L. L. LANcasTER, formerly with the Hunt Oil Company, is with the Seaboard Oil 
Company, Continental Building, Dallas, Texas. 


ARNOLD F, Parr has left the Oklahoma Natural Gas Company, Tulsa, Oklahoma, to 
accept a position with the Pantepec Oil Company of Venezuela, at Caracas. 
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Lourts CLAUDE Roark, recently at Stanford University, has accepted a position in the 
Rocky Mountain region with the Phillips Petroleum Company. 


FLORENCE Marre Rosrnson has resigned from the Shell Oil Company, Inc., at Hous- 
ton, to return to the University of Chicago this fall for graduate work in geology. 


James I. CuLBERT, recently teaching at the Arizona State College, is now associate 
professor of geology and geography at the New Mexico College of Agriculture and Me- 
chanic Arts, Las Cruces, New Mexico. 


Burton C. Dunn and M. J. BorErnc announce the formation of a partnership of con- 
sulting petroleum geologists under the firm name of Dunn and Boreing with offices at 208 
Newman Building, Durango, Colorado. 


GrorcE M. STRAUGHAN recently resigned his position as geologist in charge of the 
geological office of the Magnolia Petroleum Company at Abilene, Texas, and has bought 
an interest in the J. E. Gray Drilling Company of Wichita Falls, Texas. Straughan will 
be in charge of the Abilene office of this company, located in the Paxton Building. 


Bruce F. Larra, formerly associate geologist, Division of Ground Water, United 
States Geological Survey, and O. S. FEent, formerly geologist and test-drilling supervisor, 
Kansas Geological Survey, announce the firm of Latta and Fent, ground-water geologists, 
Salina, Kansas. 


CLAuDE E. ZoBELL, professor of microbiology, at the Scripps Institution of Oceanog- 
raphy, La Jolla, California, has been awarded a special fellowship by the Rockefeller 
Foundation, which provides for a year of travel and study in European research labora- 
tories. After discharging his responsibilities as vice-president of the Fourth International 
Congress for Microbiology in Copenhagen, ZoBell will continue his studies on the origin 
of oil, with particular reference to the effect of pressure on the transfer of hydrogen in 
European laboratories where similar work is being done. 

In order to encourage research pertinent to the industrial activities of the Wichita 
area, the University of Wichita Foundation for Industrial Research is offering two gradu- 
ate fellowships, leading to the Master’s degree at the University of Wichita for the 
academic year 1947-48. One will be granted in chemistry, and the other in petroleum 
geology. Each carries a stipend of $1000 for the degree, plus tuition and fees. The re- 
cipient of the fellowship in petroleum geology will be required to assist in the elementary 
courses in geology quarter-time, for which he will be paid $187.50 per semester in addition. 
These fellowships will be awarded on the basis of merit to graduates of accredited colleges 
or universities. Further details may be secured from Hugo Wall, chairman of the com- 
mittee on scholarships and student aid, University of Wichita, Wichita 6, Kansas. 

Fifty societies will meet with 15 sections of the American Association for the Advance- 
ment of Science at its 114th meeting, to be held in Chicago, December 26-31, 1947. 
Section E (Geology and Geography) will meet on December 26 and 27. The December 26 
sessions will center on a symposium entitled “Ground Water Geology and Engineering,” 
organized by FE. J. ScHAEFER, United States Geological Survey, Columbus, Ohio. J. MAR- 
vin WELLER, University of Chicago, is arranging for a symposium on “Mississippian,” 
to be presented on the morning of December 27, and in the afternoon Section E will meet 
jointly with Section D to discuss the “Origin of the Solar System.”” GEorGE W. WuirTE, 
secretary of Section E, is developing the program with the assistance of M. P. BILLINGs, 
chairman. 
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PROFESSIONAL DIRECTORY 


CALIFORNIA 


H. W. BELL 
Geologist and Engineer 


Consultant in Oil, Gas, Mining 


or 
Development, Production, Appraisal 
1136 Wild Rose Dr., Santa Rosa, Calif. 


J. L. CHASE 


Geologist — 
210 Grand Avenue 


LONG BEACH 3 
Tel. 816-04 


Electrical and Magnetic Surveys 


Geophysicist 


CALIFORNIA 


HAROLD W. HOOTS 
Geologist 
555 South Flower 


Los ANGELES 13 CALIFORNIA 


PAUL P. GOQUDKOFF 
Geologist 


Foraminifera 
d Mineral Grains 


799 Subway Terminal Building 
LOS ANGELES, CALIFORNIA 


A, I. LEVORSEN 
Petroleum Geologist 


STANFORD UNIVERSITY CALIFORNIA 


ERNEST K. PARKS 
Consultant in 
Petroleum and ae Gas Development 
an 
Engineering Management 
614 S. Hope St. 
LOS ANGELES, CALIFORNIA 


VERNON L. KING 
Petroleum Geologist and Engineer 


707 South Hill Street 
Los ANGELES, CALIFORNIA 
Vandike 7087 


RICHARD L. TRIPLETT 
Core Drilling Contractor 


PArkway 9925 1660 Virginia Road 


Los ANGELES 6, CALIF. 


JEROME J. O'BRIEN 
Petroleum Geologist 
Examinations, Reports, Appraisals 
Petroleum Building 
714 West Olympic Boulevard 
McCartHy & O'BRIEN Los Angeles 15, Calif. 


HENRY SALVATORI 
Western Geophysical Company 
711 Edison Building 


601 West Fifth Street 
LOS ANGELES, CALIFORNIA 


COLORADO 


C. A. HEILAND 
Heiland Research Corporation 


130 East Fifth Avenue 
DENVER 9, COLORADO 


DAN KRALIS 


Consulting Geologist 
Eastern Colorado 


Surface, subsurface, sedimentation, stratigraphy, 
paleogeography, wells, reports 


Box 1813, Denver, Colorado 


HARRY W. OBORNE 
Geologist 


620 East Fontanero Street 
Colorado Springs, Colorado 
Main 4711 
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COLORADO 
EVERETT S. SHAW V. ZAY SMITH L. BRUNDALL 
R, McMILLAN A. R. WASEM 


Geologist and Engineer 


3141 Zenobia Street 
DENVER 12 COLORADO 


Geophoto Services, Inc. 
Photogeologists and Consulting Geologists 


305 E & C Building DENVER 2, COLO. 


ILLINOIS 


C, E. BREHM 


Consulting Geologist 
and Geophysicist 


FRANK W. DE WOLF 


Consulting Geologist 
601 Delaware Avenue 


New Stumpp Building, Mt. Vernon, Illinois Urbana Illinois 
J. L. MCMANAMY L. A. MYLIUS 
Consulting Geologist Geologist Engineer 


Mt. Vernon, Illinois 


122A North Locust Street 
Box 264, Centralia, Illinois 


INDIANA 


T. EB. WALL HARRY H. NOWLAN 
Geologist Consulting Geologist and Engineer 
Specializing in Valuations 
Mt. Vernon Illinois Evansville 19, Indiana 
317 Court Bldg. Phone 2-7818 
KANSAS 
C. ENGSTRAND J. D. DAVIES WENDELL S. JOHNS 


Detailed Lithologic Logs 
Kansas SAMPLE LOG SERVICE 
415 N. Pershing 
Wichita Kansas 


PETROLEUM 
GEOLOGIST 


Office Phone 3-1540 600 Bitting Building 
Res. Phone 2-7266 Wichita 2, Kansas 


LOUISIANA 


GORDON ATWATER 
Consulting Geologist 


Whitney Building 
New Orleans Louisiana 


WILLIAM M. BARRET, INC. 
Consulting Geophysicists 
Specializing in Magnetic Surveys 
Giddens-Lane Building SHREVEPORT, LA, 


G. FREDERICK SHEPHERD 
Consulting Geologist 
123 Maryland Drive 
Phone AUdubon 1403 New Orleans 18, La. 


MARYLAND 


CHALMER L. COOPER 
PALEOZOIC 
STRATIGRAPHY AND MICROPALEONTOLOGY 


705 Bonifant Street Silver Spring, Maryland 
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xi 


MISSISSIPPI 


G. JEFFREYS 
Geologist Engineer 
Specialist, Mississippi & Alabama 
x 
Ja Mississippi 


R. Merrill Harris Willard M. Payne 
HARRIS & PAYNE 


Geologists 


MELLEN & MONSOUR 
Consulting Geologists 


Frederic P. Mellen E. T. ‘‘Mike’’ Monsour 
Box 2571, West Jackson, Mississippi 
1124 E. Capitol St. Phone 2-1368 


100 East Pearl Bldg. Phone 4-6286 
Jackson, Miss. or L.D. 89 
OHIO 
JOHN L. RICH 
Geologist 


General Petroleum Geology 
Geological Interpretation of Aerial Photographs 
University of Cincinnati 
Cincinnati, Ohio 


NEW MEXICO 


MONTANA 


VILAS P. SHELDON 
Consulting Geologist and Reservoir 
Performance Specialist 
Geological Reports. Valuations, Appraisals, 
Microscopic well cutting examination, 
well completion supervision, reservoir 
performance analyses 
Office Phone 720-W Carper Building 
Home Phone 702-] Artesia, New Mexico 


HERBERT D. HADLEY 


Petroleum Geologist 
Billings, Montana 


801 Grand Ave. Phone 2950 


NEW YORK 


OKLAHOMA 


FRANK RIEBER 
Geophysicist 


Specializing in the development of 


127 East 73d St. New York 21 


GARTH W. CAYLOR 
Consulting Geologist 
206 Chestnut-Smith Building 


624 South Cheyenne Avenue 
Tel. 2-1783 Tulsa, Oklahoma 


BROKAW, DIXON & McKEE 
Geologists Engineers 
OIL—NATURAL GAS 
Examinations, Reports, Appraisals 
Esti rves 


imates of Rese: 
Gulf Building 


120 Broadway 
ouston 


New York 


WARREN L. CALVERT 
President 
The American Exploration Service, Inc. 


Core and Stratigraphic Drilling 
Elevation and Coctegie Service 
811 Tradesmens Bank Bldg., Oklahoma City, Okla. 


BASIL B. ZAVOICO 


ELFRED BECK 
Petroleum Geologist and Engineer Geologist 
220 E. 42nd St. Commerce Building 
New York 17, N.Y. Houston, Texas 308 Tulsa Loan Bldg. Bez 35 
MUrray Hill 7-7591 Charter 4-6923 TULSA, OKLA. DAELAS, THE. 
NORTH CAROLINA 
E. J. HANDLEY 


RODERICK A, STAMEY 
Petroleum Geologist 


109 East Gordon Street 
NortH CAROLINA 


Vice-President 
CENTURY GEOPHYSICAL CORPORATION 
Phone 5-1171 


1333 North Utica Tulsa 6, Okla. 
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OKLAHOMA 


CRAIG FERRIS 
Geophysicist 
E. V. McCollum & Co. 
1510 Thompson Bldg. 
Tulsa 3, Okla. 


R. W. LAUGHLIN 


Wet ELEVATIONS 
LAUGHLIN-SIMMONS & Co, 


615 Oklahoma Building 


P. B. NICHOLS 
Mechanical Well Logging 
THE GEOLOGRAPH COMPANY 
25 Northwestern 


Oklahoma City Oklahoma 


G. H. WESTBY 
Geologist and Geophysicist 


Seismograph Service Corporation 


TULSA OKLAHOMA Kennedy Building Tulsa, Oklahoma 
ROBERT R. WHEELER 
CLARK MILLISON Consulting Geologist 
Petroleum Geologist Tekton Oil Co., Inc. 
TULSA OKLAHOMA Phone 7-1142 


12th Floor, Petroleum Bldg. Oklahoma City 


JOSEPH A. SHARPE 
Geophysicist 


C. H. Frost Gravimetric Surveys, INC. 
1242 South Boston Ave. Tulsa 3, Okla. 


PENNSYLVANIA 


WARE & KAPNER 
SAMPLE LOG SERVICE 
Wildcat Sample Log Service 
Covering Southern Oklahoma 
John M. Ware H. H. Kapner 
Tulsa, Oklahoma 
332 East 29th Place 


HUNTLEY & HUNTLEY 
Petroleum Geologists 
and Engineers 
Grant Building, Pittsburgh, Pa. 


L. G. HUNTLEY 
J. R. Jr. 
James F. Swain 


TEXAS 


4-2539 


JOSEPH L. ADLER 
Geologist and Geophysicist 
Contracting Geophysical Surveys 
in Latin America 
Independent Exploration Company 
Esperson Building Houston, Texas 


WALTER E, HOPPER 
Geologist and Consultant 
Petroleum and Natural Gas 
Reports Appraisals 
Estimates of Reserves 
510 National Mutual Building Tulsa 3, Oklahoma 


FRANK A. MELTON 
Consulting Geologist 
Aerial Photographs 


and Their Structural Interpretation 


1010 Chautauqua Norman, Oklahoma 


GEORGE W. CARR 
Carr Geophysical Company 


Commerce Building Houston, Texas 


CHESTER F. BARNES 
Geologist and Geophysicist 


Petroleum Bidg. P.O. Box 266, Big Spring, Tex. 
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TEXAS 


IRA A. BRINKERHOFF 
Geologist 


Associated with 
CUMMINS, BERGER & PISHNY 
730 Bankers Mortgage Building 

Houston, Texas 


HART BROWN 
BROWN GEOPHYSICAL COMPANY 
Gravity 


P.O. Box 6005 Houston 6, Texas 


PAUL CHARRIN 
Geologist and Geophysicist 


UNIVERSAL EXPLORATION COMPANY 
2044 Richmond Road, Houston 6, Texas 


913 Union National Bank Building 
Houston 2, Texas 


CUMMINS, BERGER & PISHNY 
Consulting Engineers & Geologists 
Specializing in Valuations 


1603 Commercial ——_ H. Cummins 
Standard Bldg. Walter R. Berger 
Fort Worth 2, Texas Chas. H. Pishny 


D’ARCY M. CASHIN 
Geologist Engineer 
Specialist Gulf Coast Salt Domes 
Examinations, Reports, Appraisals 
Estimates of Reserves 


705 Nat'l Standard Bldg. 
HOUSTON, TEXAS 


R. H. DANA 
Southern Geophysical Company 


Sinclair Building 
FORT WORTH, TEXAS 


ALEXANDER DEUSSEN 
Consulting Geologist 
Specialist, Gulf Coast Salt Domes 


1006 Shell Building 
HOUSTON, TEXAS 


J. E. (BRICK) ELLIOTT 


Petroleum Geologist 


108 West 15th Street Austin, Texas 


E. DEGOLYER 
Geologist 
Esperson Building 
Houston, Texas 
Continental Building 
Dallas, Texas 


F. JULIUS FOHS 
Geologist 
433 Esperson Building 
Houston 2, Texas 
11 E. 44th Street 
New York 17, N.Y. 


DAVID DONOGHUE 
Consulting Geologist 
Appraisals - Evidence - Statistics 


JAMES F. GIBBS 


Consulting Geologist and 
Petroleum Engineer 


505 City National Bank Building 
WICHITA FALLS, TEXAS 
R. H. FASH 
Vice-President 


THE Fort WortH LABORATORIES 
Analyses of Brines, Gas, Minerals, Oil, Inter. 


pretation of Water Analyses. Field Gas Testing. 


828% Monroe Street FORT WORTH, TEXAS 
Long Distance 138 


JOHN A. GILLIN 
National Geophysical Company 


Tower Petroleum Building 
Dallas, Texas 
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TEXAS 
SIDON HARRIS 1, HAGEN 
Southern Geophysical Company Geologin 
1003 Sinclair Building, FORT WORTH 2, TEXAS Gulf Bldg. HOUSTON, TEXAS 


JOHN M. HILLS 
Consulting Geologist 


Midland, Texas 


MICHEL T. HALBOUTY 


Consulting 
Geologist and Petroleum Engineer 


Box 418 Phone 1015 Suite 729-32, Shell Bldg. 
Houston 2, Texas Phone P-6376 
R. V. HOLLINGSWORTH L. B. HERRING 
HAROLD L. WILLIAMS : 
Geologist 
PALEONTOLOGICAL LABORATORY 
Natural Gas Petroleum 


Box 51 Phone 2359 
MIDLAND, TEXAS 


Second National Bank of Houston, Houston, Texas 


C. E. HYDE 
Geologist and Oil Producer 
1715 W. T. Waggoner Building 

FORT WORTH 2, TEXAS 


W. P. JENNY 
Consulting Geologist and Geophysicist - 


in MICROMAGNETIC SURVEYS, 

EOLOGICAL INTERPRETATIONS and COR- 
RELATIONS of seismic, gravimetric, electric and 
magnetic surveys. 


1404 Esperson Bldg. HOUSTON, TEXAS 


SAMUEL HOLLIDAY 
Consulting Paleontologist 
Houston, Texas 


Box 1957, Rt. 17 M. 2-1134 


J. S. HUDNALL G. W. PIRTLE 


HUDNALL & PIRTLE 
Petroleum Geologists 


Appraisals Reports 
Peoples Nat'l. Bank Bldg. TYLER, TEXAS 


V. ROBERT KERR 
Consulting Seismologist 
Original and Review Interpretations 
Associated with 
CUMMINS, BERGER AND PISHNY 
Commercial Standard Bldg. Fort Worth 2, Tex. 


JOHN S. IVY 
Geologist 


1124 Niels Esperson Bldg., HOUSTON, TEXAS 


JOHN D. MARR 
Geologist and Geophysicist 


SEISMIC EXPLORATION, INC. 


Gulf Building Houston, Texas 


H. KLAUS 
Geologist and Geophysicist 


EXPLORATION COMPANY 
Geophysical Surveys and Interpretations 
Gravitymeter, Torsion Balance 
and Magnetometer 
Box 1617, Lubbock, Texas 


xiv 
4 
5 
fa 
| 
\ 


Bulletin of The American Association of Petroleum Geologists, July, 1947 


TEXAS 


PHIL F. MARTYN 
Petroleum Geologist 


2703 Gulf Building 


Charter 4-0770 Houston 2, Texas 


GEORGE D. MITCHELL, JR. 
Geologist and Geophysicist 


ADVANCED EXPLORATION COMPANY 
622 First Nat'l Bank Bldg. Houston 2, Texas 


HAYDON W. McDONNOLD 
Geologist and Geophysics 


KEYSTONE EXPLORATION COMPANY 
2813 Westheimer Road Houston, Texas 


P. E. NARVARTE 
Consulting Geophysicist 
Seismic Interpretations 
Specializing in Faulting and Velocity Analysis 
Current Supervision and Review 


307 Insurance Building San Antonio, Texas 


R. B. MITCHELL 
Consulting Geologist 
Petroleum and Natural Gas 


Second National Bank Building 
Houston 2, Texas Capitol 7319 


LEONARD J. NEUMAN 
Geology and Geophysics 
Contractor and Counselor 
Reflection and Refraction Surveys 


943 Mellie Esperson Bldg. Houston, Texas 


DABNEY E. PETTY 
10 Tenth Street 
SAN ANTONIO, TEXAS 


No Commercial Work Undertaken 


ROBERT H. RAY 
RoBeERT H. Ray, INc. 
Geophysical Engineering 
Gravity Surveys and Interpretations 


Natl. Std. Bldg. Houston 2, Texas 


J. C. POLLARD 
Robert H. Ray, Inc. 
Rogers-Ray, Inc. 
Geophysical Engineering 


National Standard Bldg. Houston 2, Texas 


F, F. REYNOLDS 
Geophysicist 
SEISMIC EXPLORATIONS, INc, 


Natl. Std. Bldg. Houston 2, Texas 


SIDNEY SCHAFER 
Consulting Geophysicist 


Seismic Reviews Interpretations 
Exploration Problems 


3775 Harper St. Houston 5, Texas 


HUGH C. SCHAEFFER 
Geologist and Geophysicist 
NORTH AMERICAN 


GEOPHYSICAL COMPANY 
636 Bankers Mortgage Bldg. Houston 2, Texas 


A. L. SELIG 


Consulting Geologist 


Gulf Building Houston, Texas 


Henry F. Schweer Geo. P. Hardison 


SCHWEER AND HARDISON 
Independent Consulting 
Petroleum Geologists 


426-28 Waggoner Building 
Wichita Falls, Texas 
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TEXAS 
WM. H. SPICE, JR. E. JOE SHIMEK HART BROWN 
Consulting Geologist GEOPHYSICAL ASSOCIATES 
2101-02 Alamo National Building Seismic 
SAN ANTONIO, TEXAS P.O. Box 6005 Houston 6, Texas 
HARRY C. SPOOR, JR. CHARLES C. ZIMMERMAN 
Consulting Geologist Geologist and Geophysicist 
Petroleum... .. + Natural Gas KEYSTONE EXPLORATION COMPANY 
Commerce Building Houston, Texas 2813 Westheimer Road Houston, Texas 
WYOMING 
W. W. WEST 
PERMIAN BASIN SAMPLE LABORATORY E. W. KRAMPERT 
106 South Loraine Phone: 1685 Midland, Texas Geologist 
All current West Texas and New Mexico Permian 
Basin wildcat and key pool well sample descrip- 
tions on a monthly cabettation basis. P.O. Box 1106 
Descriptions on old wells. CASPER, WYOMING 


WEST VIRGINIA 


HENRY CARTER REA 


DAVID B. REGER Consulting Geologist 
Consulting Geologist Specialist in Photogeology 
217 High Street Box 294 
MORGANTOWN WEST VIRGINIA CASPER, WYOMING 


1947 Printing 


POSSIBLE FUTURE OIL PROVINCES 
OF THE UNITED STATES AND CANADA 


A symposium conducted by the Research Committee of The American Association of Petroleum 
Geologists, A. I. Levorsen; chairman, Papers read at the Twenty-sixth Annual Meeting of the Associa- 
tion, at Houston, Texas, April 1, 1941, and reprinted from the Association Bulletin, August, 1941. 


Edited by A. I. LEVORSEN 


154 pages, 83 illus. Price, $1.50, Postpaid 
($1.00 to A.A.P.G. members and associate members) 


AMERICAN ASSOCIATION OF PETROLEUM GEOLOGISTS 
Box 979, Tulsa 1, Oklahoma 
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GEOLOGICAL AND GEOPHYSICAL SOCIETIES 


THE SOCIETY OF 
EXPLORATION GEOPHYSICISTS 
President - - - Cecil H. Green 
Geophysical Service, loc. 1311 Republic Bank 

uilding, Dallas, 
Vice-President - - Nettleton 
Gravity Meter 
1348 _Esperson Bldg., Tex. 
Editor - M. King Hubbert 
"Shell. Oil Com any, Inc. 

Houston, Texas 
Secretary-Treasurer - Thomas A. Manhart 
Seismograph Service Corporation 
Box 1590, Tulsa, Oklahoma 
Past-President - - B: J. Jakosky 
University ‘Southern Cali ‘ornia 

s Angel 
Manager - - Colin C, Campbell 
213 Ritz’ Building, Tala, Oklahoma 
x 1614 


CALIFORNIA 


PACIFIC SECTION 
AMERICAN ASSOCIATION OF 
PETROLEUM GEOLOGISTS 
President - Martin VanCouvering 
1734 Hillside Drive, Glendale, California 
Vice-President - - - William P. Winham 
Box 2437 Terminal Annex, Los Angeles 54 


ver - Clifton W. 
430 Richfield Building, Los Angeles 13 


Monthly Luncheons: First Thursday each month, 
Clark Hotel, 426 South Hill St., Los Angeles 


COLORADO 


FLORIDA 


ROCKY MOUNTAIN 
ASSOCIATION OF GEOLOGISTS 
DENVER, COLORADO 


President - - - - - - C. A. Heiland 
Heiland Research Corporation 
East Fifth Ave. 
1st Vice- PD - + + + Robert McMillan 
Geophoto Services, Inc. 
308 E&C 
2nd Vice-President - . - . Cullen 
1024 Continental Oil Buiion 
Secretary-Treasurer - 
Geological Survey, 314 Bide 


Waite dinner (6:30) and technical program 
(8:00) first Tuesday each month or by announce- 
ment. 


SOUTHEASTERN 
GEOLOGICAL SOCIETY 


Box 841 
TALLAHASSEE, FLORIDA 


President - - Sellin 
Magnolia Petroleum Company 
Vice-President - - - -B. Spaulding 
The T exas Company, Box 2 
Secretary-Treasurer - Schulz 

The California Company, Box 371 
Meetings will be announced. Visiting geologists 
and friends are welcome. 


ILLINOIS INDIANA-KENTUCKY 
INDIANA-KENTUCKY 
ILLINOIS 
GEOLOGICAL SOCIETY 
GEOLOGICAL SOCIETY EVANSVILLE. INDIANA 
Presidemt - - E. Rehn President - - - - + + J. Albert Brown 


Sohio Petroleum Company 
Box 537, Mt. Vernon 
Vice-President - - - + John B. Patton 
Petroleum Company 
» Mt. Vernon 
Secretary-Treasurer - - + Charles Doh 
Sch Well Surveying Corporation 
Box 571, Mattoon 
Meetings will be announced. 


Sohio Petroleum. Company, Damron ‘Bldg. 
Owensboro, Kentucky 
Vice-President - - - - + George E. Taylor 
Continental Oil Company, 606 Division St. 
Evansville, ndiana 
Secretary-Treasurer - - - P.L. Keller 
Great Lakes Carbon Company, American Bldg. 
Evansville, Indiana 


Meetings will be announced. 


LOUISIANA 


KANSAS 
KANSAS NEW ORLEANS 
GEOLOGICAL SOCIETY GEOLOGICAL SOCIETY 
WICHITA, KANSAS NEW ORLEANS. LOUISIANA 
4 President - - + - - + D.D. Utterback 
Consulting, 240. N. Cospenter Company 
Vice-President - - - Lee H. Cornell 1701 e Bldg 
Stanolind Oil and Gas Company Vice-P: vesident P rogram C: B. “Hudson 
- - Don W. Payne Humble Oil and Refining 


Sinclair Prairie Oil Company 


Regular Meetings: 7:30 P.M., Geological Room, 
University of Wichita, first Tuesd _ of each month. 

¢ Society sponsors the Kansas Well Log Bureau, 
412 Union National Bank Building, and the Kan- 
sas Well Sample Dares, 137 North Topeka. 


Secretary-Treasurer -- - D. N. Rockwood 
nion Producing Company, Box 1628 


Meets the first Monday of every month, October- 
May _ inclusive, 7:30 P.M., St. Charles Hotel. 
Special meetings by announcement. Visiting geol- 
ogists cordially invited. 
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Stanolind Oil and Gas Company, Box 1092 


Meets monthly, September to May, inclusive, in the 
State Exhibit Building, Fair Grounds. All meetings 
by announcement. 


xviii 
LOUISIANA LOUISIANA 
THE SHREVEPORT SOUTH 
GEOLOGICAL SOCIETY 
SHREVEPORT, LOUISIANA LAKE CHARLES, LOUNIANA 
President - - W.E. Wallace, Jr. President - - - - Bruce M. Choate 
Sohio Petroleum Company, Atlas Building ; _, Atlantic Refining Jee | 
: Vice-President oy A. Payne 
Vice-President - - - - + + Edward W. Scott Gulf Oil Corporation 
Union Oil Company of California oe Paria Hoover 
Ricou-Brewster Building “Oil and ‘Gas Compiny Box 5: 
Secretary-Treasurer - - - Richard T. Chapman Treasurer - W. B. ‘Neill 


Stanolind Oil “and Gas Company 


Meetings: Dinner and business meetings third 
Tuesday of each month at 7:00 P.M. at the Majestic 
Hotel. Special meetings by announcement. Visiting 
geologists are welcome. 


MICHIGAN 


MISSISSIPPI 


MICHIGAN 
GEOLOGICAL SOCIETY 
President - - - + Charles K,. Clark 
Pure ‘Oil Company 
402 2d Natl. Bank Bldg. =". 


Vice-President - Kelly 
Michigan State College 
ast 
Secretary-Treasurer - arry J. Hardenberg 


Michigan Geological 
ansing 


Capitol Savings and Loan B 
Business Manager - a ck Mortenson 
Sohio Petroleum Company, t. Pleasant 


Meetings: Monthly, November through May, at 
Michigan State College, East Lansing, Michigan. 
Informal dinners at 6:30 P.M., followed by dis- 
cussions. Visiting geologists are welcome. 


MISSISSIPPI 
GEOLOGICAL SOCIETY 
JACKSON, MISSISSIPPI 


President - - - - - + H.L. Spyres 
Skelly Oil Company 


Vice-President - - . D. Sprague 
Sinclair Wyoming Oil 


Secretary-Treasurer - - + Carl F, Grubb 
Superior Oil Company 
Tower Building 


Meetings: First and third Thursdays of each 
month, from October to May, inclusive, at 7:30 
p.M., Edwards Hotel, Jackson, Mississippi. Visiting 
geologists welcome to all meetings. 


OKLAHOMA 


ARDMORE 
GEOLOGICAL SOCIETY 
ARDMORE, OKLAHOMA 


President - - Robert W. Kline 
Sinclair Praisie | Oil Company, 978 


Vice-President - W. J 
Phillips Petroleum ewe. Box 958 


Secretary-Treasurer - rrell D. Thomas 
The Texas Box 539 


Dinner meetings will be held at 7:00 P.M. on the 
first Wednesday of every month from October to 
May, inclusive, at the Ardmore Hotel. 


OKLAHOMA CITY 
GEOLOGICAL SOCIETY 
OKLAHOMA CITY, OKLAHOMA 


President Gerald C. Maddox 
Carter Oil Company 


Vice-President ----+--+-+-- Harold J. Kleen 
Skelly Oil Company 


Secretary-Treasurer Frederick Kate 
Shell Oil Inc. 
965 First National Bui 


Meetin Technical program each month, subject 
to cal i. Program Committee, Oklahoma ‘ity 
University, 24th Street and Blackwelder. Lunch- 
eons: Every second and = aaa of each 
month, at 12:00 noon. C.A 


SHAWNEE 
GEOLOGICAL SOCIETY 
SHAWNEE, OKLAHOMA 
President - - Henry A. Campo 
Atlantic Refining Company, Box 166, 

awnee 
Vice-President - + Fred J. Smith 
Sinclair Prairie Oil Company 
Box 991, Seminole 


Secretary-Treasurer - - + Marcelle 
Atlantic eae | Company, Box 1 
awnee 


Meets the fourth Thursday of each month at 8:00 
we at the Aldridge Hotel. Visiting geologists 
welcome. 


TULSA GEOLOGICAL SOCIETY 
TULSA, OKLAHOMA 
President - - - + «+ Charles G. Carlson 
Consulting Geologist, 922 Thompson Sear 
Ist Vice-President - - Upp 
Amerada Petroleum Corporation, x 2040 
2nd Vice-President - - - - E. Fitts, Jr. 
Sinclair Prairie Oil Company, ‘box 521 
Secretary-Treasurer - L. Frost 
Ohio Oil Company, Thompson Buriding 
Editor - - Robert F. Walters 
Box ‘661, Gulf Oil Corporation 


Meetings: First and third Mondays, each month, 
from October to May, inclusive at 8:00 P.M., 
University of Tulsa, Kendall Hall jalan’ 
Luncheons: Every Friday (October-May), Cham- 
ber of Commerce Building. 
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PENNSYLVANIA TEXAS 
PITTSBURGH GEOLOGICAL PANHANDLE 
SOCIETY GEOLOGICAL SOCIETY 
PITTSBURGH, AMARILLO, TEXAS 
President - - Philbrick 


United States Engineers, 925 New Sedcral Bldg. 


Vice- John T. Galey 
Independent, Box 1673 


Secretar vid K. Kirk 
Gulf and Development 2038 


111 Haldane Anes: Pittsburgh 5 


Meetings held each month, except during the 
summer, All meetings and other activities by 
special announcement. 


President - - - - + Arthur R. Erickson 
Phillips Petroleum Company 
Vice-President - - - - + Graydon L. Meholin 
Sinclair Prairie Oil Company, Box 1242 
—— - + + + + Robert J. Gutru 
Cities Service Oil Company, Box 350 
Meetings: Luncheon 1st and 3d Wednesdays of 
each month, 12:00 noon, Herring Hotel. Special 

night meetings by announcement. 


TEXAS 


CORPUS CHRISTI GEOLOGICAL 
SOCIETY 


CORPUS CHRISTI, TEXAS 
President - - + Dale L. Benson 
Sinclair Prairie ‘Oil Company, Box 480 
Vice-President - - + Robert D. Hendrickson 
Tide Water Associated Oil wr 


Secretary-Treasurer + Cooke 
c/o O. G. McClain, 224 Nixon Haitding 


Regular luncheons, every Wednesday, Petroleum 
Room, Plaza Hotel, 12. 05 Special night meet- 
ings by announcement. 


DALLAS 
GEOLOGICAL SOCIETY 
DALLAS, 


President - - - llis G. Meyer 
eyer and “Achtschin: 
‘ontinental Building 
Vice President - - - - John M. Clayton 
Seaboard Oil Company 
1400 Continental Building 
-Treasurer - + W. W. Newton 
eotechnical Corporation, Box 7166 
Executive Committee - + Gn Coa H. C. Vanderpool 


7 


Meetings: Monthly luncheons by announcement. 
Special night meetings by announcement. 


EAST TEXAS GEOLOGICAL 
SOCIETY 
TYLER, TEXAS 


President - TT. H. Shelby, Jr. 
Hu mble Oil and Refining igi 
Vice-President - - L. F. Lees 


Phillips ‘Petroleum Company 


Secretary-Treasurer - - + + Walter E. Long 
Magnolia Petroleum Company 
Box 780 


Luncheons: Each week, Monday noon, Blackstone 
Hotel. 


Evening meetings and Pend will be announced. 
Visiting geologists and friends are welcome. 


FORT WORTH 
GEOLOGICAL SOCIETY 
FORT WORTH, TEXAS 
President - + « + C, D. Cordry 
Gulf = 
H. Schweers 
he Texas Company, nae 1720 


- R. W. Dudley 
Pure Company 


Meetings: Luncheon at noon. Hotel Texas, first 

and third Mondays of each month. Visiting geol- 

s ists and friends are invited and welcome at 
meetings. 


HOUSTON 
GEOLOGICAL SOCIETY 
HOUSTON, TEXAS 
President - - - Charles H. Sample 
J. Huber Corporation 
721 Bldg. 


Vice-President - - - A. F. Childers 
Gulf Oil Corporation, Box 2100 


Secretary - Hershal C. Ferguson 
Consultant, 1208 Esperson Building 
Treasurer - - Eugene L. Earl 


Crown Central “Petroleum Corporation 


Regular meeting held the second and fourth Mon- 
days at noon (12 o'clock), Mezzanine floor, Rice 

Hotel. For any iculars pertaining to the meet- 
ings write or call the secretary. 


NORTH TEXAS 
GEOLOGICAL SOCIETY 
WICHITA FALLS, TEXAS 

President - - - - Dolph S. Simic 

y Petroleum Corporation 

- + Lynn L. Harden 


Sinclair Prairie Oil ae 


Secretary-Treasurer + - D. T. Richards 
Consulting, 1709 Buchanan Street 


Meetings: Each week, Tuesday, a 30 P.M., Texas 
Electric Auditorium; Each month, first’ Thursda 
evening. Special night meetings ri 
geologists always welcome. 
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SAMPLE MACHINE 


STANDARD EQUIPMENT 
ON ALL SHALE SEPARATORS 


In addition to doing a thorough job of reconditioning drilling mud, the Thompson 
Shale Separator provides geologists with accurate foot by foot samples of cuttings 
and mud. By pushing a lever, part of the flow of mud is diverted into the Sample 
Machine. Here the mud is separated into ... shale and abrasives .. . drilling mud 
. .. and deposited into two, easily accessible, catch basins. Many operators claim 
: this alone is worth the entire cost of the Thompson Separator. Look for the Sample 

Machine on the Thompson Separator . . . it's the field-tested method of obtaining 


dependable samples. 


THOMPSON TOOL CO. 


1OWA PARK, TEXAS 


- KEEPS DRILLING MUD CLEAN — PROVIDES TRUE SAMPLES OF CUTTINGS 
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TRIANGLE BLUE PRINT & SUPPLY COMPANY 


We Repair 
ALL BRANDS OF MICROSCOPES AND SURVEYING INSTR! 
LET US GIVE YOU AN ESTIMATE ON YOUR WORK 


12 West Fourth Street, Tulsa, Oklahoma 


TECTONIC MAP OF SOUTHERN CALIFORNIA 
By R. Reep anp J. S. 


In 10 colors. From “Structural gees of Southern California,” BULL, A.A.P.G. (Dec., ery 
Scale, 4% inch = 1 mile. Map and 4 structure sections on strong paper, 27 x 31 inc 
tube, postpaid, $0.50. 


The American Association of Petroleum Geologists, Box 979, Tulsa 1, Oklahoma 


MINERAL RESOURCES OF CHINA 
By V. C. Juan 
June-July, 1946 Issue, Part II, Economic Geology 
75 cents per copy In lots of 10—$6.00 


The Economic Geology Publishing Company 
100 Natural Resources Building, Urbana, Illinois 


GEOPHYSICAL SURVEYS 


UNIVERSAL EXPLORATION COMPANY 


2044 Richmond Road 


HOUSTON 6, TEXAS 
Paul Charrin, Pres. — John Gilmore, V.P. — C. C. Hinson, V.P. 


AERIAL PHOTOGRAPHY 
RECONNAISSANCE MOSAICS 
PRECISE AERIAL MOSAICS 
TOPOGRAPHIC SURVEYS 


For information write Department H 

AERO SERVICE CORPORATION 
Since 1919 

PHOTOGRAMMETRIC ENGINEERS 

236 E. Courtland Street, Philadelphia 20, Penna. 
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SEISMIC SURVEYS 


KEYSTONE EXPLORATION COMPANY 


OFFICES AND LABORATORY 
2813 WESTHEIMER ROAD 


HOUSTON @ TEXAS 
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Time saved when changing rods means more pro- 
duction time ... greater footage in a day, with 
consequently lower costs. Set screws are eliminated 
...rods are changed without stopping rotation... re- 
leased or held hydraulically, requiring minimum labor. 


Dismantied, the Sullivan “200” demon- 
strates its portability. Strong, rigid steel 
tube mast of welded construction .. . de- 
signed for maximumload carrying capacity. 


Completely self- 
contained .. . mast 
raised and lowered 
hydraulically . . . 


capacity 20,000 Ib. 
drilling string . .. 
drills holes to 2500 
feet in depth. 


J THE SULLIVAN “200 is 
‘ ay | 
ry W. Oliver Bidg., Pittsburgh ease 
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(CALCIUM SULFATE) 


FROM CEMENT 
OR ANHYDRITE 


FLOCCULATED MUD WON-FLOCCULATED MUD 


thickens drilling mud. 
increases viscosity. 
increases gel strength. 
increases water loss. 


FLOCCULATION: The grouping 

of the colloidal particles due to 

a reduction of their electrical charges 
Calcium sulfate drilling-mud contamination may 

occur in the formation, in underground waters, in 
surface waters, or from cement-cutting. The com- 
plete contamination (flocculation) may result in 


an air- or gas-cut mud, caving shale conditions, 
a water-block of the section, or stuck tools. 


ANHYDROX: Complete 
HYDROX treatment of cont 

nated muds maintains or improves 
the good working characteristics 
of the mud before being contami- 
nated. It lowers viscosity, lowers 
initial gel strength, and reduces 
water loss to normal for a non- 
contaminated mud. 


SMENTOX: SMENTOX recondi- 
tions a cement-cut mud or prevents 
a mud from becoming cement-cut. 
Wall-building characteristics are 
often improved as SMENTOX con- 
tains colloids having this property. 
Frequently a SMENTOX- treated 
mud displays better performance 
properties than it did originally. 


PATENT LICENSES unrestricted as to sources of 
BAROID PRODUCTS: AQUAGEL: supply of materials, but on royalty bases, will be 
jesiring praci wi ma ony 

BAROCO BAROID FIBERTEX Nombers1,807.- 
IMPERMEX JELFLAKE MICATEX 082; 991.637; 2,041,086; 2,044,758; 2,064,- 
SMENTOX ¢ STABILITE « ZEOGE! 936; 2,094,316; 2,119,829; 2,214,366; 2,294,- 
TESTING BAROID 877; 2,304, 256; 2,387,694; 2, 393, 165 


further thereof. 
WELL LOGGING SERVICE Licenses should be mode to Los Angeles con. 


Baroid 


SALES DIVISION 
NATIONAL LEAD COMPANY 


LOS ANGELES 12 e TULSA 3 ¢ HOUSTON 2 
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| Super Sensitive 
PORTABLE 


CORE 
GAS 
ANALYZER 


For Field Use 


Positive Test—for presence of hydrocarbon 
gas in cores. 
Measures Volume—Determines the relative volume of gas 
in cores. 
Super-Sensitive—Readily detects (and measures) minute amounts of gas 
that cannot be detected by smell or taste, thus eliminating practically all chance 
of error due to the “human element”. 


Simple to Operate—Requires no special training. The geologist, or engineer can operate 
the instrument immediately. 


Fast Operation—lt requires only a minute or two to test a core. 


Tests All Sizes of Cores—Apparatus will accommodate any size core from small side 
wall samples to large conventional cores. 


It is a well known fact that methane or natural gas contained in a core is very difficult 
to detect by smelling or tasting of the core sample due to the fact that un-scented 
gas is practically odorless. Heretofore, there has been no reliable means of making 
this determination in the field. Coring procedure and drill stem test points can now be 
determined immediately at the rig with more positive results. 


Petroleum Instrument Company 
4601 Montrose Blvd. P.O. Box 6252 Houston 6, Texas 


Left—Two sizes of gas Right—Core portion is 
extraction chambers— being cut for hydrocar- 
one for small side-wall bon extraction and 
cores; one for conven- analysis. 
tional cores. 
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Seismograph Equipment 


Manufactured by 


NORTH AMERICAN 


This equipment as well as the Portable Gravity Meter, 
other geophysical apparatus and precision equipment is 
manufactured in our own Laboratories. 


REFLECTION SEISMOGRAPH 
UNITS 


This complete 16 channel, dual recording unit is mounted in a 
special stainless steel body, having two power driven cable 
reels, completely wired, tested and ready for field service. 
Amplifiers have full, automatic amplitude control and complete 
rejection of 60 cycle power line interference. It has inverse feed 
back filters, 6 filter settings controlled by selector switch on 
instrument panel, which makes it possible to obtain any 6 filter 
curves, Interchangeable plug-in type filter units make it possible 
to readily change complete system of filter curves. Dual output 
is available, providing for mixed and unmixed recording simul- 
taneously. Light weight seismometers are furnished with either 
fluid or electro-magnetic damping. 


PORTABLE CABLE REEL 


This light-weight reel, designed for use in areas inacces- 
sible by truck, carries 1200 feet of cable and is worn on 
the back or chest. When laying cable it is worn on the 
back, the cable unreeling as the operator walks along. 
When reeling in, it is worn on the chest, and the cable 
wound on the drum by the crank as the operator walks 
along. Wide web belting assures comfortable fit. The 
complete reel weighs only 5 pounds. Weight with 1200 
feet of tapered seismograph cable is only 23 pounds. 
The reel is available with or without cable. 


NORTH AMERICAN GEOPHYSICAL COMPANY 


Manufacturers of Geophysical Apparatus and Precision Equipment 
2627 Westheimer Rd. 
Houston 6, Texas 


Keystone 3-7408 


E 
i 
J 
| 
| 
| 

| 

] 

| 

| 

| 

de 
| 
| 

| 

i 
4 


Bulletin of The American Association of Petroleum Geologists, July, 1947 


Cable Tool 
CORE BARRELS 


are still 


YOUR BEST BET 


to take cores 
like these 


Have you tried one lately? 


BAKER O/L TOOLS, INC. 


Houston ° Tulsa © Los Angeles © New York 
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THE GEOTECHNICAL CORPORATION 


Roland F. Beers 
President 


P.O. Box 7166 
D4-3947 Dallas, Texas 


THE JOURNAL OF GEOLOGY 


a bi-monthly 
Edited by ROLLIN T, CHAMBERLIN 


Since 1893 a constant record of the advance of geological science. Articles deal 
with problems of systematic, theoretical, and fundamental geology. Each article 
is replete with diagrams, figures, and other illustrations necessary to a full ‘scien- 
tific understanding. 


$6.00 a year; $1.25 a single copy 
Canadian postage, 24 cents; Foreign postage, 60 cents 
THE UNIVERSITY OF CHICAGO PRESS 


C. H. FROST GRAVIMETRIC 
SURVEYS, INC. 


C. H. Frost, President Josern A. SHanpe, Vice-President 


GRAVIMETERS manufactured under license from Standard Oil 
Development Company 


GRAVIMETRIC AND MAGNETIC SURVEYS carefully con- 
ducted by competent personnel 


GEOLOGIC INTERPRETATION of the results of gravimetric 


and magnetic surveys 


4408-44.10-4410 South Peoria Avenue Tulsa 3, Oklahoma 


& 
| 
| 9 
“3 
Ke . 
= 
j 


Recently developed by our own seismolo- 
gists for migrating steep dips, this instrument locates 
the reflecting horizons in a vertical plane according to 
the curved path theory based on the assumption that the 
instantaneous velocity increases linearly with depth. 
Slide rules are easily made for each area for which a 
given linear velocity equation applies : 
Vz = Vot KZ 
KZ? 
2Vz 
tan B = AZ/AX 
tan @ = AZ’/AX 


tan @ — tan B 
a = cos"! — tan” 


/1 + tan’? tang 


Duplicates of this instrument will be made on special 
order only. Additional information and prices gladly 
furnished on request. 


LORPORATION 
OM 


: 
as 


SION SEISMIC SURVEYS 


ATA REANALYSIS 


| 
“4 


TY 


GRAVITY METER 
EXPLORATION CO. 
-- A. C. PAGAN L. L. NETTLETON ge ophy si cists 


W. G. SAVILLE 


Fairchild Airborne Magnetometer Unit con- 
tinues extensive magnetic survey for Gulf Oil 
Company in South America... 15,180 lineal 


miles of magnetometer profiles flown in the 
first six weeks, maintaining a high average 
even during the wet season in the tropics. 


The Airborne Magnetometer, carried by Fair- 
child high above misleading surface influences, 
produces an entirely new result; a magnetic 
map showing only the readings from base 
formations. This map has suggested a whole 
new field of possibilities in oil exploration to 
at least one major oil company. 


Write for detailed information, 


The Fairchild Shoran Fleet is an important link in the chain of 
control of the Fairchild Airborne Magnetometer Survey. The 
Fairchild Magnetic map is a superior geological aid, free of ex- 
traneous surface magnetic influences. 


AERIAL SURVEYS, INC. 
Sua 


224 EAST ELEVENTH STREET, LOS ANGELES 15, CALIFORNIA + 21-2) FORTY-FIRST AVENUE, LONG ISLAND CITY 1, N.Y. 
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An A.A.P.G, Research Committee Sponsored Report 
Released about July 15, 1947, as 
Colorado School of Mines Quarterly, Vol. 42, No. 3 


REVIEW OF PETROLEUM 
GEOLOGY IN 1946 


F. M. Van Tuyt ann W. S. LEvINGS 


With the cooperation of members of the staffs of the Departments of Geology, 
Geophysics, and Petroleum Engineering of the Colorado School of Mines 
and many other leading authorities in these fields. 


This is the fifth such annual review which was inaugurated in 1943 by the 
Department of Publications of the Colorado School of Mines in cooperation 
with the Research Committee of the American Association of Petroleum 


Geologists. 


It is based on information compiled from the literature and from a canvass of 
leading geologists, geophysicists, and petroleum engineers in the United States 
and foreign countries. Covered are important events of the year, advances in 
petroleum geology and contributory fields, including developments in the 
training of geologists and geophysicists, progress in the developments in geo- 
physics and geochemistry, developments in petroleum engineering, aerial pho- 
tographs, new and improved techniques, world exploration and development, 
production and reserves, trends in petroleum geology and geophysics, and the 
future of the petroleum industry. 


The contributions on foreign developments are more complete and authorita- 
tive than in earlier issues. . 


A bibliography of about 2,500 references classified geographically and as to 
subject will be included. Foreign contributors to the review have also sub- 
mitted numerous references for inclusion in the bibliography which thereby 
has become more valuable, especially in that numerous publications that were 
withheld during the war years have now been released. 


More than 225 pages, substantially bound in heavy paper, size 6 x 9 inches 
Price $2.00 postpaid if payment accompanies order; otherwise $2.50 postpaid 
Send orders early, as the edition will be limited 


Mail order with check to 


Department of Publications, Colorado School of Mines 
Golden, Colorado 


: 
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AT ANY DEPTH OR FORMATION WITH 
ong, REED ‘BR’ Ware Line 


THESE CORES 
WERE TAKEN AT A 
DEPTH OF 12,856 FT. 
WITH THE 
Wine Line 


CORE DRILL 


For conventional coring the Reed Kor-King, with its simplified construction, has 

advantages for uniformly good coring not to be found in any other core barrel. 

The Reed “BR” Wire Line drilling and coring outfit has proved itself in fields | 

throughout the world and is especially adaptable to drilling slant holes, for 
. those operators doing directional drilling work. 


vag 
| 
| 
j 
‘wal REED CONVENTIONAL 
* 4 Cc R E D R ! S 
| 
& 
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| 
| 
ase HOUS TON 1, TEXAS | 


The new GSI home at 6000 Lemmon Avenue, Dallas... 
40,000 square feet of plant on seven acres . . . housing the 
most modern facilities for engineering, research and crew 
maintenance. We invite you to visit us. 


Geopnysicat Service Inc. 


SEISMIC SURVEYS 


6000 LEMMON AVENUE DALLAS, TEXAS 
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ccurate I nterpretation 


_The accuracy of Seismic interpretation is the only measure 
of its worth. This accuracy is dependent upon the 
full knowledge of all problems involved and the proper 
techniques necessary for their solution——a combination 
which can be acquired only by years of experience plus 
-. exceptional ability to recognize and solve these problems. 


SSC presents to the oil industry more than 200 crew 


years of experience in accurate seismic interpretation. 
‘This experience helps to assure oil Will Be 
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